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ABSTRACT 

Tnis tnesis describes tne detailed interface design and 

implementation of tne Micropolis 1220 rieid diss storage 

unit into tne ASGIS multiuser environment. At tne onset of 

tnls worir, tne AEGIS development system consisted of an *££- 

etJ bubble memory, tne REMEX Data tfarenouse disK system, and 

four INTEL 1SBC 36/12A single board computers. Tne 

Micropolis interface was accomplisned utilizing tne INTEL 

3255 programmable parallel I/O port resident on one cf tne 

AEGIS iSBC 86/12A computers. Tne iSBC 96/12A used for tne 

interface can still be operated as an independent computer 

witn all Micropolis disic operations beine transparent to tne 

user. Tne Micropolis disic unit adds an additional 35.5 

megabytes of online storage to tne AEGIS system. 

Utilization of tne Micropolis dlsK system as a software 

development storage media will free tne REMSX Data Warenouse 

for storage of "radar data" to emulate tne SPI-1A radar. 
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I•  INTRODUCTION 

A. DISCLAIMER 

!*any terms used in tnis tnesis are registered trademarics 

of commercial products. Ratner tnan attempt to cite eacn 

individual occurrence of a trademark, ail registered 

trademarks appearing in tnis tnesis will be listed celow, 

followin?  t*e  firm noldin? tne  trademark. 

Intel  Corporation,   Santa  Clara,   California: 

INTEL ^ULTIEUS INTELLEC   VDS 
iCS iS3C 

Pacific   Cyoer/Metrixs   Incorporated,   DuDlin,   California: 

BuDDl-3oara MBB-ytf  3uoDl-3oard 

EX-CELL-0   Corporation,   Irvine,   California: 

P.E^EX  Data   Warenouse 

Digital   Researcn,   Pacific  Grove.   California: 

CP/M CP/M-«6 

^icropolis  Corporation,   Cnatswortn,   California: 

^icropolis 

B. GENERAL DISCUSSION 

Tne AEGIS weapons system simulation project is an 

ongoing  study currently  Deine ~onductei  at  tne  Naval 

10 
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Postgraduate School. The primary objective of tnis StUly is 

to investigate the feasibility of replacing tne present, 

four-processor AN/UIX-7 mainframe computer wito a multiple 

microconputer oaseci arcnitecture. 

Ttie primary mission of tne multiprocessor system is to 

provide computer control for tne SPY-1A radar system. Tnis 

system collects lar?e amounts of data concerning target 

detection and acquisition wnicn must be processed in real- 

time. A Tiicrocomputer based system can provide tne same 

signal processing in real-time only if more than one 

processor is used and tne computations are performed 

concurrently. 

Thus, tne first logical step of tne AEGIS study was to 

identify a viable microcomputer and design an efficient 

operating system capable of nana*in« concurrent processes. 

A detailed design of sucn an operating system was presentee 

by Vasson in 198(2 [Pef. 1]. Tnis design was basea on tne 

INTEL iSSC Sb/1EA microcomputer. Tnis is a single board 

computer based on tne INTEL 8086 16-Dit microprocessor. Tne 

operating system, ^CORTEX, was implemented usins .Vasson's 

design and refined many times. Klinefeiter demonstrated tne 

first truly efficient implementation of VCCETEX witn four 

iSEC 8ö/l2A's in June of 1982 [Ref. 2J. 

Because vCOR?EX was a very specialized mar.aeer of 

concurrent processes, it was not an operative system well 

suited  for proeram module  development.  Thus,  tfcS  next 

11 
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logical step of tne project was to identify an operating 

system mat could be easily integrated into tne same 

nardware utilized by MCORTEX. Tnis would allow tne sane 

system to Be used for botn si?nal processing emulation oy 

MCOP.TEX and as a software development tool. CP/M-86, 

developed by Digital Researcn for use witn tne INTEL bebe 

microprocessor, was cnosen for tnis purpose. Tnis cnolce 

offered tne maximum in flexibility in tnat tnis operating 

system could be user configured for different or "naneins 

nardware environments. 

Milce Candalor besan tne integration process by modifyin? 

tne 3asic Input/Output System (BIOS^ of CP/M-Sö for use on 

an INTEL ^DS system. Tnis was demonstrated in June of 1381. 

[Ref. Z] 

HicKiin and Neufeid continued tne integration process by 

adding a bubble memory to tne MULTIBUS and a?ain altering 

tne BIOS to reflect tne current nardware [Ref. 4j . Due to 

tne non-volatile nature of a bubble memoryt it was used in 

tnis application to store tne CP/M-Bö operatin? system. 

Tnis permitted a fast, easy metnod of downloading tne 

operating system into random access memory (RAT) wnen power 

was applied to the system. 

Since tne Klinefelter demonstration employed simulated 

processes, it was necessary to develop a metnod by wnicn tne 

SPT-lA  radar could be emulated in real-time.  A nard  disic 

12 
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drive, interfaced tnrougn direct memory access fDMA), was 

determined suitable for tnis purpose due to its nign speed 

and large storage capacity. It was also cocsilsred 

desirable to maice maximum use of tne available nardware wnen 

the system was bein* operated in tne software development 

mode. Tnis required tnat eacn single board computer nave 

tne capability of supportine an independent user. These two 

concepts were brougnt together and demonstrated witn a four- 

board, multi-user system by Almuuist ana Stevens in December 

1982.  [Ref. 5J 

At tnis point tne system still laciea a capability of 

storing software for future refinement. Tnis tnesis 

completes tne program development system by presenting the 

nardware interface design and software implementation of tne 

tficropolis disic drive into the multi-user system as 

developed by Almquist and Stevens. 

C.  FORMAT 07 THESIS 

Cnapter I gives a general overview of tne AEGIS researcn 

effort. It also provides a general developmental nistory of 

tne project and explains wny tne researcn worst accomplisned 

oy tiis thesis was essential to the project. 

Chapter II addresses tne system arcnitecture. Detailed 

discussion is eiven of all major hardware components as this 

was the existing hardware environment into wnicn the 

Micropolis iisK drive nad to be interfaced. 

13 
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Cnapter III describes the details or trie AEGIS multiuser 

system software. Toe standard CP/M-36 operating systeu is 

discussed in moderate detail. Also covered in tnis cnapter 

is a powerful modification to CP/M-85 tnat was devpioped 

during prior wort. Tnis modification provides a simple and 

efficient metnod for altering the nardware environment 

supported by tne operating system. 

The nardware interface developed for the Micropolis liste 

system is presented in Cnapter IV. First, tne details of 

tne requirements imposed on the design of the interface Dy 

the Micropolis controller are presented. This is followed 

by tne development of a functional interface to meet tnose 

requiremen ts. 

Cnapter V presents tne software implementation cf tne 

Micropolis into the CP/M-B6 operatins system ana Cnapter VI 

summarizes tne development wort accomplished during tnis 

tnesis. Included in Cnapter VI is a comparison of tne lisic 

access times required by tne REMEX Data Warehouse (a DMA 

interfaced nard ais«) and tne Micropolis disic system (a 

programmed I/O interfaced hard aisif) . 

14 
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71 
II.  SJfSTEM AflCPIT|CTURE 

is stated in tne introduction, tne desizn of tne YCORTEX 

operating system and tne software development system was 

based on tne INTEL 1S.BC B6/12A single boari computer and 

various peripheral components. Figure 2.1 lepicts tne 

interconnection of tnese components as tney existed at tne 

onset of tnis researcn effort. In tne paragraphs tnat 

follow, a description of eacn component, as well as its 

role in tne overall system, is given. An exnaustive 

description of eacn device can De found in tne cited 

references. 

A.  INTEL 80S5 

Tne INTEL Be86 is a nign performance, general purpose 

10-bit microprocessor. It is tne foundation upon wr.icn tne 

AEGIS developmental system is built. Refer to Fisure 2.2 

for a general overview of its internal structure and 

organization. Tnis section is intended to give general 

Knowledge about tnis device. A detailed description can 

found in [Ref. ö]. 

1. General Purpose and Flags Registers 

As can be seen in Figure 2.2, tnere are eisnt 16-oit 

general purpose registers. Four of tnese are cyte or word 

addressable and are referred to as "tne data erouu".   Tne 

15 
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remainine four are only word addressable and are referred as 

"tne pointer and index group". 

Tne flags register is lö bits wide and consists of 

nine usable status bits. Tne remaining seven are undefined. 

Tfte nine nits are divided into six status fia*s and tnree 

control flags. Tne status flags are set ey tne B086 as tne 

result of arithmetic or logical operations. Tne control 

flags are set tnrougn programmed instructions. Of 

particular importance is tne IF control flag. Tr.is flae is 

used to enable/disable maskable interrupts and must be 

properly set for tne system to function correctly. Tne IF 

or intsrrupt-enable flag is discussed in greater detail in 

Section 4 of tnis cnapter. 

2. Segment £egi.sters 

Aitnougn tne 8V£6 nas segment registers and tne 

tecnnlcal literature discusses segmentation as related to 

tne microprocessor, tnis snouid not be confused witn 

segmentation as is generally defined for operating systems. 

Tne operating system definition supports tne ideas of memory 

management and segment access cnecics cut tne 8i£86 nas no 

special hardware tnat supplies tnese functions. However, 

addressing is segment-lüce in tnat it is two-dimensional. 

Physical addresses are generated from two 16-bit 

values: a base and an offset value. Tne base value is 

snifted left four  bits and tne offset is added  to  tnis 

18 
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snifted version to arrive at a pnysical address.  As ar. 

example, consider tne following: 

£0045 — BASE VALUE 
2AAA — OFFSET VALUE 

Wnen tnese two nexidecimal values are added as described 

above, tae result is: 

seeee — SHIFTED BASE VALUE 
2AAA — OFFSET VALUE 

E2ÄAÄ — PHYSICAL ADDRESS 

It is tie segment registers tnat supply tne base value. 

Tnls metnod of addressing results in a 20-oit address or a 

one megabyte address space. 

Saown in Figure 2.2 are four segment registers. 

Eacn are 16 bits wide and give tne S4JS6 access to 64 

Kilobytes of memory. Assuming tney are eacn set to ä 

different ö4£ base, tnis will give tne CPU access to a 

maximum of 256K bytes of memory at any instant of time. 

Because tne segment registers are accessible to tne 

software, tney can be proerammatically altered to any value. 

Tüus allowing addressing tnrougnout tne entire one megabyte 

range. 

Wnicn segment register is used anc now tne offset 

value Is obtained depends upon tne instruction currently 

being executed. Tne CS or code segment register points to 

tne current code segment.  Ail executable instructions are 
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located in tnis segment. Tnerefore, tne address of tne sett 

instruction is computed using tue CS register as tne oase 

and tne instruction pointer (IP) as tne offset. All stact 

operations utilize tue stact segment (SS^ register as tne 

oase and tne stacs pointer (SP) as tne offset. Tne data 

segment (DS) register and tne extra segment (ES) register 

nave no explicit offset register associated witn tr.em. Tnis 

value is software controlled by supplying one of tae 

registers in tne pointer and index group as a Dart of tne 

instruction. Program variaoies are generally placed in tne 

memory space accessible ny tnese two segment registers. 

3.  Execution and Bus Interface Uaits 

Tne dividing line in Figure '2.2 is used to indicate 

two separate processing units witnin tne °08ö: tne execution 

unit (EU) and bus interface unit (BIU). Botn of tnese units 

operate independently. 

Tne BIU is responsible for performing ail bus 

operations for tne EU. It generates 2U bit aaaresses by 

combining tne segment and offset values in its own adder and 

transfers data to and from tne EU on tne ALU data bus. Tne 

BIU also fetcnes instructions for tne EU and stores tnem in 

its six byte instruction nueue. Tnis uueue mates it 

possible for toe BIU to "prefeton" instructions during any 

spare bus cycles. 

Tne EU is responsible for executing ail instructions 

and for transfering data and addresses to tne BIU.   It also 
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maintains tne general purpose and flags registers. Because 

tnere is no connection from tne EU to tne system bus, it is 

isolated from the outside world. All instructions to be 

executed are fetcned from tne BIU's instruction queue. In 

tne event tnat the queue is empty, tne £U simply waits for 

tne BIrJ to place an instructior in tne queue. 

This type of arcnitecture allows extensive 

overlapping of instruction fetcn witn execution. The result 

is tnat tne time required to fetcn instructions cecomes 

nearly transparent to the EU since it worxs on instructions 

tnat nave been prefetched. Tnis, coupiea witn a 5 MHZ 

clocic, gives tne S0S6 tne nign speec necessary for tne 

AESIS implementation. 

4.  Interrupt Siiu_c.iu.ie. 

Tne B£BS nas provisions for up to 256 different 

interrupts numbered from 0 to 255. Wnen an interruDt occurs, 

the CPU must transfer control to a new program location tnat 

contains tne necessary programmed instructions to service 

that intsrrupt. Two values are necessary to effect the 

transfer: tne code segment in wnicn tne interrupt routine is 

located and the instruction pointer for the routine. These 

values are located in a table tnat begins at absolute zero 

in memory and extends to 3FF nexidecimai. Refer to Figure 

2.2. The information needed for eacn interrupt routine 

occupies  four consecutive bytes in tnis table.  Tne CPU is 
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0000:OOOOH 

0004H 

:0008H 

:OOOCH 

:0010R 

:0014H 

:03FCH 

:03FFH 

k- 16 BITS •H 
TYPE 0 INTERRUPT 

VECTOR 
(DIVIDE ERROR) 

TYPE 1 INTERRUPT 
VECTOR 

(SINOLE-STEP) 
TYPE 2 INTERRUPT 

VECTOR 
(NON-MASKABLE) 

TYPE 3 INTERRUPT 
VECTOR 

(BREAK POINT) 
TYPE 4 INTERRUPT 

VECTOR 
(OVERFLOW) 

TYPE 5 INTERRUPT 
VECTOR 

IP OFFSET 

CS ADDRESS 

DEDICATED INTERRUPT 
VECTORS 

< 

TYPE 31 INTERRUPT 
VECTOR 

TYPE 32 INTERRUPT 
VECTOR 

RESERVED INTERRUPT 
v VECTORS FOR 
^COMPATIBILITY WITH 
INTEL PRODUCTS 

( 

ITYPE 255  INTERRUPT) 
VECTOR 

>USEB AVAILABLE 
INTERRUPT VECTORS 

Fignr« 2.3    Interrupt V«etor Table 
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supplied witn a type code wnen an interrupt occurs. Tals 

value is automatically multiplied oy four to determine tr.e 

correct position in tne table from wnicn to obtain tr.e CS 

and IP values. Tne current CS. IP and fla<?s register values 

are pusned on tne stacü: and tne new CS and IP values are 

loaded. Tnis completes t-ie transfer of control. Botfl tne 

values in tne interrupt taDle and tne interrupt routines 

are user supplied anl must be placed in memory before tne 

interrupt   can   oe  permitted   to   occur. 

How tne processor is supplied witn tne type coce 

cited above depends on tne metnod used to generate tne 

interrupt. Tnese can be software or nardware venerated. 

Eardware interrupts are subdivided into two categories: 

maskable and non-masicaöle. ^asicable interrupts are enabled 

or disabled by setting or clearing tne Ii' flag. Wnen tne 

CPU acknowledges a masKacle interrupt, it is tne 

responsibility of tne Hardware requesting tr.e interrupt to 

place  tne   type  role  on  tne   bus   for  use   by  tne  CPU. 

Non-masicable interrupts cannot be disabled. In tne 

event of a non-masicaoie interrupt, tne CPU automatically 

assigns it a type code of 2. Tnus, a type role need not be 

supplied. 

Software interrupts can oe invoiced oy executing tne 

"INT n" instruction; wnere "n" is a number from «j to 255. 

In tnis case, tne type code is an explicit part of tne 

instruction.       Taey can  also   occur   by   creatinr a   fatal   error 

23 



•»•I   I • . •!•••.•   •.»•   •   »  T.  1   ' '•       ^  •  •  ",  •  »'»•»••»»•I •!•.'•  -  - 1 '       '       '        •        '       »   •»  »   •   1   »   •   •   •» 

as a result of program execution, sucn as a divide cv zero 

or overflow error. The CPU will then use a predefined type 

cole as depicted in figure 2.3. 

The 808Ö does not generally control the devices that 

can cause interrupts. This maices simultaneously occurring 

interrupts possible and therefore» all interrupts are 

prioritized. Sncwn in Figure 2.4 is the interrupt 

processing sequence used. Tnis figure indicates tnat 

software generated interrupts are the highest priority. 

Non-mas&abie are tne next dienest and maskable are the 

lowest. 

Tne interrupt structure discussed aDove piays an 

important role in tne development of tne vicropoiis 

interface design. A eeneral understandin? of tnis structure 

is an essential prerequiste to an understanding of cotn tne 

detailed design presented in Chapter IV and tne software 

implementation presented in Chapter 7. 

fl.  TFE iSUC 96/12A 

Tne 1S3C 86/12A is a complete single board computer. It 

is used as tne central processing node of tne AEGIS 

multiprocessor system. The ocard includes the H08ö lö-öit 

CPI, 64£ bytes of RAM, a serial communications interface, an 

INTEL 9255 tnat supplies tnree prosrammable parallel I/O 

ports, an INTEL S253 programmable timer, an INTEL 8259A 

priority  interrupt controller,  ^ULTI-BUS interface  control 
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 ± 
COMPLETE 
CURRENT 
INSTRUCTION 

EXECUTE NEXT 
INSTRUCTION 

ik. 
EXECUTE USER 
INTERRUPT 
BANDLER 

JZ 
POP IP 
AND CS 

POP FUGS 

ACKNOWLEDGE 
INTERRUPT 
AND READ 
TYPE CODE 

^ 

<r 
V 

PUSH FLAGS 
SET ggfl  

PUSH CS 
AND IP 

CALL INTERRUPT 
HANDLER 

Figur» 2,4 Generalised Interrupt Processing Sequenee 
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lo*ic, and bus expansion drivers for interface witn otner 

MULTI3US interface-compatible expansion Doarns. Provisions 

are also made for installation of up to 16K bytes of EPROM. 

Tne current system only utilizes 6K oytes of SPROM on eacn 

board. 

Tne onboard Ö4LI bytes of RAM can be dual-ported in 

segments of löK. bytes tnus maxing it accessible not only to 

tne local CPU but also to tne MULTIBUS. When dual-ported, 

tne RAM can be switcn-and-jumper configured to any 129£ byte 

sesment of tne one megabyte address space relative to tne 

MULTIBUS. Local addresses are always fixed tetween UUVUR 

and FFFFH regardless of tne MULTIBUS address tne board is 

configured for. Tnis system was designed for independent 

operation by eacn SBC and tnerefore, no RAM is dual-ported. 

To mate tne RAM inaccessible to tne MULTIBUS requires a 

Jumper between E112-E114 on eacn SBC. Tne board does not 

come factory equipped witn tais jumper and its existance 

must be verified before proper operation of tne system can 

be insured. 

Eacn iSBC comes factory configured witn jumpers between 

E103-E104 and E105-E105. Tnese jumpers route tne bus cloc!c 

and constant clocic signals to tne MULTIBUS. As snown in 

Figure 2.1, several SBC's are connected to tne MULTIBUS 

interface. Only one of tnese is required to supply tne 

clocK signals to tne MULTIBUS. All otner boards must nave 

tne E103-E104 and Eltob-Eies jumpers removed. 

26 
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No otner special configurations are necessary for tne 

iSSC 85/12A Doards. For a complete discussion or user 

options and factory defaults for tnis board see iRef. 7J . 

C.  MBB-S0 BUBBLE MEMORI 

Tne M3B-80 BuDDl-Board is a memory storage device tnat 

is compatible witn all 8-bit and 16-oit microprocessors 

naving INTEL MULTIBUS arcnitecture. The board provides 

approximately 90S bytes of non-volatile memory as well as 

all required MULTIBUS interface lo*ic. 

Interface witn tne MBB-S0 controller is accomplished 

tnrougn memory mapped I/O and requires sixteen user-defined 

locations in tne MULTIBUS one megabyte address space. These 

addresses correspond to controller registers tnat are used 

to read status, set board configurations and perform 

read/write operations. Tne current configuration uses 

MULTIBUS addresses beginning at S0000H. Tnis requires 'tnat 

switcn S in S2 on the 3uobi-Eoard be set to "on" and all 

otners in S2 be set to "off". ill switcnes in Si must be 

set to "off". 

Tne bubble memory appears to tne system as a simple 90s 

byte disK drive. Ail read/write operations to tnis device 

are accomplisned in tne same manner used for any otner lisle 

system and require no special user invoiced functions. Its 

primary use in tne system as depicted in Figure 2.1 is as a 

non-volatile storage medium from wnicn to load the operating 
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system lato RAM.  For a complete discussion of cue KBS-SfB 

Bubol-Eoard implemetation to tne system see (.Ref. 4J . 

D.  RtMBX DATA WAREHOUSE 

1. Subcomponents and Stonge_ Ca_p.a.ciiy. 

Tne REMEX Data Warehouse is a mass storage unit 

containing two floppy dissc drives (single or double-siied, 

single or double density) and a Winchester technology fixed 

distt drive. Additionally, an MC6800 microprocessor coupled 

with onboard firmware is tne mecnanism used to service all 

drives. 

Tue fixed disic is a 14 incn enclosed disx system 

consistins of two recording surfaces. Sacn surface nas two 

reccording neads. Eacn nead can access 212? usable tracKs 

and eacn tracK contains 39 512-byte sectors. Tnls gives 

each bead access to approximately 4 megabytes of storage and 

•eives tne disK a total storage capacity of 16 megaoytes. 

Tfte two floppy drives are switen-selectable to 

nandle eitner single or double density. In this 

implementation, single density, standard IBM FM encoding is 

employed. 

2. MULTIBUS Interface 

The REMSX Data Warenouse is interfaced to tne 

MULTIBUS via tne MULTIBUS Interface Card assembly supplied 

with tne unit. Tals assembly contains all tne necessary 

control,  buffering and MULTIBUS interface loeic required to 
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interface witn trie nost system. Tne nost communicates *itn 

trie assembly using programmed I/O. Communications trom tne 

assembly to tne nost is via DMA. Tne interface acts as a 

bus master in tne DMA mode and as a bus slave in tne 

programmed I/O mode. 

Tne controller requires 4 I/O port addresses for tne 

nost system communications. Tnese are used to obtain status 

and pass command information. Currently, addresses 70, 71, 

72 and 73 fteridecimal are used but tnese car. be altered by 

cnanging tne appropriate switcnes on tne MULTIBUS Interface 

Card assembly. 

Tne system configuration in tnis implementation 

utilizes tne REMJBX Data Warenouse as a program storage 

media. However, as alluaed to in tne introduction, it is 

envisioned tnat tnis nard disc drive will be used for 

storaee of tracic data in tde SPY-1A radar emulation effort. 

For furtner information on tne REMEX consult [P.ef. 8J . 

B«,  1CS-S0 CHASSIS 

The iCS-80 industrial chassis is ^UITIBUS-rompatible ana 

supports a modular microcomputer development  syste-n.   It 

consists of four four-slot 1S2C b£4/öl4 Cardcages,  four 

fans, a power supply and control panel. Tne control panel 

contains an on/off/loctc sey switch, reset and interrupt 

pusnbuttons and various LED's. 
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Any combination of MULTIBUS-compatible plue in Doarls 

can be installed. A TiaximuTi of four boards can be nlacei in 

tne iSBC 504 Cardcasre. Additional iSUC 614 Cardca^es can be 

added to tne chassis tnrougn an expansion interface supplied 

witn tne system. Tne laboratory system utilized in support 

of tnis tnesis consists of a single iSEC 604 Cardcase and 

tnree iSBC 614 Cardcages. Tnis gives a total capacity of 16 

board slots. These cases provide for both INTiL MULTIBUS 

master and slave boards. from the front panel, tne slots 

are numbered 1 to 15 from left to rignt. Ail odd-numbered 

slots are configured for master boards and all even-numbered 

slots are  configured  for  slave   boards. 

Because more than one bus master can be placed in tne 

cnassis, a priority resolution scheme is required to resolve 

MULTIBUS access contention. Tnis scneme can be operated in 

either the serial or parallel xode. In tne system or Fieure 

2.1, tne cnassis is operated in tne parallel mode witn an 

external random priority networs for bus access resolution. 

For  -nore  information  see   [39f.   9] . 

F.      COMMON   MEMORY 

The common memory depicted in Figure 2.1 is a simple 32K 

byte, MULTIBUS-compatible RAM board. It can be switcn 

configured to any address in the one megabyte Multibus 

address   space.       In  its  current  configuration,     it     occupies 
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addresses EetJeeH tärouffß E7FFFH. The board is expand« Die to 

64K bytes of RAM. 

Recall from tne discussion on tne iS.BC 86/12A that tne 

R.\M of all SBC's in the system is jumper configured to be 

accessible only to tne local CPU. This means that neither 

the bubble controller nor the R3MEX controller can 

communicate directly witn any iSBC. Tnerefore, ail 

read/write operations witn these two devices is accomplished 

via tne common memory. The tecnninue used to coordinate 

this effort is a software one and is discussed In detail in 

the next chapter. 

G-.  MICROPOLIS DISK DRIVE 

The Micropolis disfc system (not depicted ir. Figure 2.1) 

is an eignt incn fixed liss drive with an integral 

controller board. It consists of five data surfaces with 

580 tracts per surface. Bacc tract contains twenty-four 512 

byte sectors. Tnis elves a 35.6 megabyte formatted storage 

capacity. 

Tne controller board consists of a Z-90 microprocessor, 

firmware in FROM, and the necessary ~ontroi Logic and 

buffers to provide a variety of features. The features 

employed and the details of the fiicropolis interface 

accomplished as a result of this tnesis wort are presented 

in  Cnapters  IV  and   V. 
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III.  SYSTEM S0£TVARE 

The Micropolis interfacing worit consisted cf two peases: 

tne nardware interface design and tne software interface. 

Before eitner could De accomplished, it was necessary to 

understand ootn tne existing system arcnitecture ani 

software. Tne last cnapter addressed tnat arcnitecture. 

Therefore, tnis chapter presents tne details of tne AEGIS 

developmental system software. 

A.  CP/M-S6 OFERATING SYSTEM 

1 •  £?.he ra 1 Di s cus s i on 

CP/M-86 is tne operating system used in tne AEGIS 

software development system. It is a commercially 

distributed operating system developed by Digital Researcn 

for use with a single INTEL 8086 based microcomputer. It is 

supplied on two single sided, single density, eight incn 

floppy disffs. Included on tnese diskettes is tne operation 

system (CPM.STS), an 8086 assembler (ASM8Ö.CMD). the Dynamic 

Macnine Language Debugger (DDT86.C^D), an editor (ED.CMD) 

and various reconfi?uration and file nandling utilities. 

The CP/M-86 operating system can be user configured 

to fit any hardware environment. As it is snipped, tne file 

CPM.SYS is configured for 32K bytes of RAM, a keyboard, a 

screen device,  an INTEL iSBC 2'<?4 Floppy Tistc Controller and 
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a  96i5fe?   baud   serially  Interfaced  printer.     Tne  details   of  tr.e 

I CP/1       structure    and     tne    reconfiguration    procedures    are 

discussed below. For information on tne entire CP/M-8S 

environment and capabilities  see   L?.ef.   lfc-12]. 

2 •     Structure 

Tne CP/M operating system can ce viewei as occupying 

three distinct levels of abstraction. Refer to Figure 3.1. 

| Applications programs invoke system functions  tr.roueh tne 

Basic DiSK Operating System (3D0S) module and do not 

communicate with any other module. The fcEOS performs 

services requested by applications programs and all general 

file and dlsic management functions. Ail hardware dependent 

functions required by tne BDOS are requested through tne 

Basic Input/Output System (BIOS) module. The BIOS module is 

the only one that communicates with the hardware. The 

Console Command Processor (CCP) shown is used to process 

console commands and provides tne user interface in tne 

absence of an applications program. 

Since all nardware dependent functions are located 

in the BIOS module, tne system hardware configuration must 

be reflected here. A sseietal 3I0S (BI0S.A6S) is provided 

in source code format for this purpose. Tne CCP and BDOS 

modules are provided as a single hex file (CPM.H86). This 

file requires nc modification out is necessary for tne 

adaption/reconfiguration process described in Section 4 

Below, 
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Figur*  3.1     CP/lt-8«   Lmli   of  Abstraction 
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3.  Boo_tstrap.p.in? CP/^1 

Loading CP/*! into P.AM from a standard single density 

floppy disK requires a two step procedure. Tne coot ?.üv. 

wnicn receives control wnen tne system reset out tor. is 

depressed, must load a loader program from tne reserved 

system trades on tne disK into RAM and pass control to it. 

Tne loader is men responsioie for loading tne operating 

system from tne disK into RA* and passing control to it. 

Tnls two step procedure is required cecause tne operating 

system is too large to fit on tne reserved system traces« 

Tnerefore. adaption of CP/V to a system otner tnan tnat for 

wnicn it is commercially listrioutei reauires modification 

to tnese tnree software components. 

4« £sne.rai Aia^iion ?ro.2e.dur£S 

Tne major effort in tne adaption process is in tne 

develODment of tne nardware drivers for tne PICS module. 

Tne BIOS can oe classified as performing tnree types cf 

functions: nardware initialisation/reinitialization, 

cnaracter I/O and disK I/O. Tne functions are contained in 

21 subroutines witnin tne module. Tne BIOS accesses tne 

subroutines tnrouen a tatle tnat nas individual jump vectors 

to tne entry point of eacn subroutine. Tnis is snown in tne 

operating system memory map in Figure i.'d. Tne actions tnat 

must taice place upon entry to eacn of tnese subroutines is 

detailed in [P.ef 10: pp. 60-65J . A cnan?e in tne nariware 

environment  is accounted for  cy cnanging tne  code witnin 
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0400:0000 

:2500H 

:253FH 

: 400OH 

Console 
Conssand 
Processor 

and 

Basic 
Disk 
Operating 
Svetea 

BIOS Jump Vector 

BIOS Entry Points 
(21 Snbrontines) 

Disk 
Parameter 
Tables 

Uninitialized 
Scratch RAM 

Figure 3.2  Operating System Memory Map 
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tne 21 subroutines and meeting tne entry ana exit conditions 

as specified in tnis reference. Recall tnat a skeletal 

BI0S.A86 file  is  provided  as   a  model   for  tnis  purpose. 

Tne DisK Parameter Tables snown in tne previous 

figure are used by tne BIOS to oDtain tne eftaracterisrtiTS 

of eacn device. Tnese taDies exist in a file separate from 

tne BIOS and are included durln assembly tnrougn tne use of 

tne INCLUDE <fiienane>.<riletype> instruction at tne case 

of tne BIOS. Tne source code for tne tables 2s well as tne 

uninitialized Scratcn Ram Area, can te automatically 

generated by tne GENDSF.CMD utility. This reauires a 

<f ilename> .DEF file as input and produces a «'filename^. LIB 

file as output. Tne contents of <filename>.EEF are simple, 

one line di sic definition statements. Tne format for tne 

statements and tneir meaning is described in detail in [Ref 

1Z:     PP.72-80J. 

Once tne BIOS file is modified and tne Dist 

Parameter Table file created, tney are assembled usine- 

AS^iee.CMD. Tne resulting nex file is concatenated witn 

CPV.H96 using PIP.CPD and a command file for tnis single nex 

file is venerated usin* GENCMD.MD. Finally, tr.e ne* 

operating system tnat results is placed or tne disK as 

CPM.SYS usine PIP.CM). Tne process describea above is 

depicted in Figure '6.3. Note tnat tne 6Z£0 model option of 

CP/M-ee  is  snown  in  tnis  example. 
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1. USER.DSF ==> GENDEF.C,*D ==> USSR.LIB 

2. USERBI0S.AS6 ==> ASM66.CMD ==> USERBIOS .K8e 

3. CP^.HBö + USERBIOS.HBö ==> PIP.C^D 
==> CPMSrS.HBö 

4. CPMSTS.HB6   ==>   GENCMD.CYD   ==>   CPMSYS.CMD 
(fctfBtf   code La4fc?J ) 

5. CPMSYS.CMD ==> PIP.CMD ==> CP^.SYS 
(RENAME ON NEW DISK) 

Figure 3.3 Steps for Creating a New CPM.SIS 

Two software components remain to De adapted: tne 

loader program and tne Doot ROP program. Tne loader program 

is a simplified version of CP/M-Bö and contains cniy encu^n 

file processing capability to read tne CPM.SIS file from 

disK to memory. Tnree files are proviied for tne 

development of a loader: LDCPM.H86, LDBDOS.R86 and a 

SKeletal LDBI0S.A.8S source file. Tne LDBI0S.AS6 file 

reflects tne narlware to be used in tne loading operation 

and aoes not necessarily reflect tne total nardware. Tnis 

file contains tne same 21 entry points as tne BI0S.A6Ü file 

witn tne same entry and exit conditions and requires tr.e 

same type of DisK Parameter Tables and scratcn pad area. 

Tne veneration of tne LOADER.CMC file is depletes in Figure 

3.4. Tne resulting loader must be small enougn to fit 

entirely on tne reserved system tracts. 
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1.   URLD3I0S.AÖ6  ==>  ASM8o.CMD  ==> URLDBIOS.R8b 

2. LDCPM.Hife   +  LD£D0S.Hy6  * URIDJJIOS .H86=»>FIP.C^E 
==>   LOADER.H8b 

3. LOADER.He6 ==> GENCMD.CMD ==> LOADER.CMD 

4. LOADER.CMD ==> LDCOPY.CMD ==> LOADER.C VD 
(LOAD ON SYSTEM TRACKS) 

Figure 3.4 Steps for Creating LOADER.CMD 

Tae development of a ooot ROM program depends only 

on tne pnysicai device used to load tne operating system. 

Its single purpose is to load tne program located on tne 

system tracKs into RAM and pass control to it. A ROM.Abb 

file is provided mat detaiJs tne toot ROM for an INTEL iSBC 

204 Floppy DisK Controller and serves as an excellent 

example. However, oecause tne metnod used will vary widely 

from device to device, no files are provided tnat simplify 

tnis development. 

B.  AEÜIS IMPLEMENTATION OF CP/M-86 

1.  Boot ROM and Lp.ader 

In tne AFG-IS implementation of CP/^-Se used during 

tne initial development wors of tnis tnesis. two boot RCM 

programs and tnelr associated loader programs were 

available. Botn are located at tne oase of tne INTEL 9b7 

monitor in tne SK oyte FFROM of tne iSBC 86/12A.   Tne first 
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allows tue system to De booted from eittier tue sir.^ie or 

double density INTEL *DS floppy disir drive by executing tne 

command "GITD4::0" from tne monitor. The second will boot 

tne system from tne bubble memory by executing "GEEDit^" 

from the monitor. 

2.  A Modification to tne BIOS 

Recall from Section A—4 above tnat any nardware 

cnange witnin tne system requires some of tne 'dl BIOS 

subroutines to be rewritten. A cnan^e occurs not only cy 

the addition of nardware but also wnen a component is 

removed either because it nas failed and tnere is no 

replacement or it is no longer needed. In a nardware 

environment as flexible as tnat required by the AEGIS 

project, tne standard reconfiguration process becomes an 

extremely time-consumins tasic. 

To alleviate tnis problem, a metnon was developed as 

a part of Almquist and Stevens' won in wnicn only miner 

cnanges to tne BIOS were required to alter tne nardware 

configuration, rfith tnis technique, ail of tne MOS devi-e- 

dependent subroutines are extracted into a separate file for 

each unique device. Trie specific device-dependent routines 

are: INIT, SELDSK, HOME, SETTRK, SETSSC, READ and tfRITE. 

Tne pnysicai location of tne entry points to tne routines is 

obtained from an ordered label table file and tne BIDS 

accesses tne routines tnrousn an indexed CALL instruction. 
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Row tnis tecnnique wortcs is snown in Figure i.e. In 

tnis example, a call is made to tne BIOS to READ DEVICE *'l. 

The BIOS mattes a Jump to tne READ entry point. However, 

instead of doin* an actual READ at tnis point, tne 

device number is determined and a call to tne address found 

in tne second position of RDTBL is made. Tne cocie tnat 

performs tne READ function for DEVICE #ü is tnen execute!. 

Tne code for tne seven device-dependent functions 

can be written and debugged independently of any otner code. 

To add tne device to tne system reauires one INCLUDE 

<filename>.<filetype> statement be added to tne EIOS file, 

tne corresponding seven entry points be added to tne label 

table file and tne Dlsfc Parameter Table be updated. Tne 

steps for creating tne CP^I.SYS file remain uncnangea from 

tnose presented in Section A-4. To remove a device, tne 

process is reversed. Clearly tnis metnod allows tne 

hardware dependent code 'and hence, the nareware itself) to 

be more easily integrated in or removed from tne operating 

system tnan tne standard 3I0S structure did. 

C.  MULTIUSER SISTER 

CP/^ is not a multiuser or muititasking operating 

system. Anotner major development of tne Aimquist and 

Stevens' researcn wors was a metnod by wnlcn eacn single 

board computer in the system coull operate independently of 

tne  otners under CP/M and still aa^e  access to  tne snared 
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BIOS 
file  S 

> 

LABEL 
TABLE <( 
file 

DEVICE #1 
fil« 

DEVICE #2 
fil« 

a call is wade to the BIOS to READ deriee #2 

jmp INIT 

»jap BEAD 

imp SETIOBF . 

BIOS jump Toetor 

INIT:  determine deriee # 
call to INTBL {offset deriee #j 
rot 

BEAD:  determine deriee # 
^ eall RDTBL {offset deriee #] 

ret 
-" (remaining 19 subroutines) 

INCLUDE LABEL TABLE 
INCLUDE DEVICE #1 
INCLUDE DEVICE #2 

* (sn include statement for remaining 
deriees) 

INCLUDE USES.LIB (the disk parameter tables * 
initialized scrateh RAM*) 

INTBL dw INIT1 (replaced with physical address 
of INIT1 at assembly time) 

dw INIT2 
• (a "dw" statement for remaining 

deriees) 
BDTBL dw BEAD1 
 > dw READ2 

code for seren deriee specific 
functions of deriee #1     

INIT2:code to initialise deriee #2 
ret 

BEAD2:  eode to read deriee #2 
•     ret 

USER.LIB 
file 

remaining deriee dependent files 

Disk Parameter Tables 

Unitialised Scratch BAM 

Figure 3.5 Path of a BIOS Function Call 

42 

. • — . . • ii > I«. • i _• . - • ^ ^_ - • - - 



r- •. -. .-. •  - - . - * • • • i • • • • " . »—»— ••".••» 

resources (tne lisle drives and tne bubble memory) of the 

system. The multiuser system mat resulted can De oroser. 

down into tnree functional categories: synenronization of 

common memory usaee, boot loading- ail SBC's and write 

protection of a user's allocated disK space. 

1 •  S^ncn ro ni 2 a t.i.o n 

As stated in Cnapter II, tne RAM on eacn iSBC 86/l^A 

is not accessible via tne MULTIBUS and therefore, all aisic 

and Duoole memory read/write operations must be performed 

through a buffer in the common memory. This requires a 

synchronization scheme that will ensure a single computer 

can successfully complete a read/write operation before 

another computer is permitted access. 

A ti ctcet /server technique had been developed for 

this purpose. This required a CALL REQUEST instruction to 

be placed prior to all common memory reac/write operations 

and a CALL RELEASE instruction be placed after tne 

read/write operation. The CALL REQUEST accesses the 

"tiCKet" variable in common memory for a tiexet number and 

waits until tnat number is squai to the "server" variable, a 

number also found in common memory. Tne rean/write 

operation is tnen performed and tne CALL RELEASE advances 

tne server number, thus releasing common memory to tne ne.tt 

ticttet nolder. 

Tne code for these suDroutines is contained in the 

file SYNC.AS6.   It  is  included in tne BIOS  türoufffl an 
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INCLUDE    statement     placed    immediately  following    tne    last 

INCLUDE  statement  for  tne device files. 

2.     Boot   Loading  All  ULULlS 

Because tne common memory variables must be 

initialized only once, two versions of tne CP/M-S6 operating 

system nad been developed. Tne file CPMYAST.CMD is tne 

master version tnat performs tne common memory 

initialization    wnile   CPMSLAVE.CMD  is   tne   slave  version  tnat 

does  not. 

Tne r ster board is boot loaded witn CPMMAST.CMD 

from tne bubble memory. Once tnis board is operational, tne 

command "LD300T" is executed and results in a copy of 

BOOT.CMD being placed in tne common memory. Next, tne 

command "LDCP!*" is executed. Tnis places a copy of 

CPMSLAVE.CMD into common memory. From tne monitor of tne 

remaining SBC's, tne command "GE000:0400" is executed. Tnis 

causes tne CPU to execute tne code of BOOT.C^D wnicn, in 

turn, moves a copy of CFMSLAVE.C"!D into local RAM and 

transfers control to it. 

3«  5ii£ ff.li.ie Zl2ls.cti.on 

DisJt write protection was acnieved tnrougn a log-in 

procedure. A ioe table is initialized in common memory as a 

part of tne master version initialization. Tne number or- 

entries in tne taoie correspond to tne number of dis» drives 

or  loeical devices in tne system.   As part of booting  tne 
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operating system, tne user is queried for tne console nuflöer 

being used (located on tne front panel of eacn console) and 

tfte disic drive to lo* on to. Trte los taDle is cnecKei after 

tnis entry to determine if tne desired drive is free. If it 

is» tne user console number is placed at tnat drive's 

position in tne lo* table. If it is not, tne user is assed 

to  re-select   a drive. 

Tne user console number is also stored in tne local 

variable      USER. Vrite    protection    is    accomplisnen       by 

comparing tne value in USSR to tne currently selected 

logical distc number and aborting any write operation if tney 

are not   tne same. 

It was considered desirable to be able to cnange 

disic drives witnout tne need to reboot tne board. A leg out 

procedure was written for tnis purpose. Xnen tne command 

"LOGOUT" is executed, tne USSR variable is reset, tne Loe 

table is updated and tne user is again requested to enter a 

diss drive   to  lo?  on  to. 

Tne final common memory utilization employed as a 

result of tne multiuser system developed by Almquist and 

Stevens   is  depicted  in i'igurs  3.6. 

D.     MCORTEX 

MCORTSX is tne operating system tnat was developed for 

tne SPT-1A radar emulation. In tne final version presented 

by Klinefelter  [Ref. 2J ,  HCORTSX was set up to nar.ele  ten 
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EOOO.-OOOOH 

OlOOB 

0300H 

0400R 

0500H 

: 3500R 

7FFFH 

ticket ••rr«r logtbl 

CP/M Buffer 

BOOT.CMD 

CPUSU\TE.CMD 

FHEE 

Fifur«  3.6    Cowon Ifcaory Allocation  Uap 
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virtual processors for eacn real processor. Tne cata case 

upon wnicn all scnedulin* leclsions are based Is tne Virtual 

Processor Map (7PM) located in common memory. Tne V?.'"! 

contains tne control and status information on eacn virtual 

processor required by MCORTSX to coordinate tne concurrent 

processing. 

ill processes managed by MCORTSX can oe in ore of tnree 

states: running on a real processor, waiting for some event 

to occur or ready to run (waiting to eain access to tne real 

processor). If a process is in tne waiting state, it coulc 

be waiting for an event to occur on a real processor otner 

tnan tne one to wnicn it was assigned. An eventcount table 

is maintained in common memory for notification purposes. 

Vnenever a real processor completes an event, tne table is 

updated and a message is broadcast to ail otner real 

processors in tne system tnat seme event nas just been 

completed. Eacn real processor tnen enecjes tne eventcount 

table to determine if tne event pertains to any of its 

virtual processors and reacts accordingly. 

Tde teennique used for broadcasting an event employed a 

type of Global interrupt issued on tne MULTIBUS. Because 

tne development of tne Micropolis interface altered tne 

teennique somewnat, tne details of it win be presented in 

tne next cnapter. 
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17.  MICRUPOLIS HARDWARE INTERFACE DEVELOPMENT 

A.  OVERVIEW 

T.ne Micropolis dislc system offers an interface structure 

teat is suitable for use witft eitaer programmed I/O or DMA 

data transfers. In an effort to maxe maximum use of 

available system nardware, tne programmed I/O moae was used 

in tnis implementation. Tnis enabled an interface to be 

designed witn tne INTEL 8255 programmable parallel I/O cnip 

located on tne 1SBC S6/12A. 

Recall from Cnapter II tnat all RAM on eacn SBC is not 

accessible tnrou*n tne MULTIBUS. Therefore, all control, 

status, and data information intended for the Micropolis 

disK system nad to be passed tnrougn tne common memory. 

Because tne disic system was interfaced into a single SBC's 

825S port, tne disff controller nad no metnod of 

communicating directly witn tne common memory. To overcome 

tnis problem, a timer-controlled interrupt was designed. 

Tnis allowed tc.s SPee CPU to be interrupted at periodic 

intervals and effect any necessary communications between 

common me-nory and tne controller. Tne distinct advantage of 

tnis tecnnlque is tnat tne single board computer u?ed for 

tne interfacing can still be used as an independently 

operating computer witn all distf operations being 

transparent to tne user. 
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In tne following paragrapns, tne details of tr.e 

interface design and tne tinker-controlled interrupt lesion 

are presented. Tnis discussion is United to tne 

development of tne designs and only tnose low-ievel routines 

needed to test their validity. Tne software implementation 

into tne AEGIS system will be discussed ir Cnapter V. 

B.  "ICROPOLIS DISK SYSTEM 

Chapter II stated tne «renerai characteristics of tne 

Mlcropolis disK system. Tnis section expands on tnat sy 

presentin? the tecnnical interface requirements as well as 

tne general operation of tne disK controller. For rore 

inforration on tne Micropoiis liss unit see [Ref. 12J. 

1 •  l£I£If_i££ Si^naIs 

Interface to tne Micropoiis aistc drive is Tiade 

tnrougn a 34 pin edge connector located on tne controller 

printed circuit board. Tne interface is structured around 

an 3-bit bi-directional data bus and 9 control lines. For 

ease of reference, tne 8 data lines will nereafter ce 

referred to as BUS0-BUS? witn tne BÜS0 line corresponiing to 

tne least significant bit and tne BUS? line tne tiost 

significant bit. The control line names ar.l a complete 

description of eacn is contained in tne list below. Note 

tnat in this list, reference is made to tne logical 

condition of tne signal (true • 1 and false = 0) ratner tnan 

tne signal's electrical polarity. 
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a. SSL: Since tne Micropolis controller car. slave 

another disic unit off of it, tnis signal is provided to 

select whicn disK unit to use. Tnis application only 

utilizes one disJc unit and it is jumper configured to 

respond to address 0.  Tnus, SEL snould always be 0. 

b. ENABLE: Tnis signal is normally neli true. If 

made false (2 microseconds minimum), a reset is applied to 

tne controller loeic. Tne controller will Indicate tnat it 

is busy (tnrougn tne CBUSY signal described below), 

important flags and registers are tnen initialized ana 

approximately one second later, tne controller will indicate 

tnat it is ready to accept commands frcm tne host coTputer. 

c. WSTR: Tne write strebe is a signal from tne 

nost computer to tne controller tnat tne information on 

BÜS0-3US? is valid. Tne nost pulses tne write stroce line 

wnile driving tne bus. On tne trailing edge of WSTR, tne 

controller will copy the contents of tne bus into a buffer. 

Tne byte is tnen interpreted by tne controller as eitner 

control (DATA = 18) or data (DATA = 1). 

1. RSTR: Tne read strobe is a signal used by tne 

nost to indicate to tne controller tnat it is ready to input 

a byte of information. tfnen tne nost drives RSTR true, tne 

controller drives tne bus wltn tne contents of eitner its 

data buffer (DATA = 1) or its status register (DATA = B). 

Tne controller will drive tne bus as long as RSTR is  true. 

SfcJ 
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fbUSt  on-~e  tne r.ost  Has copied e&e bus, RSTH must *e rale 

false aeain to regain access to tne DUS. 

e. DATA: Tnis signal selects eltner tne controller 

iata or control ports as described above. 

f. CBUSY: Tne controller will set C3USY to 2 

wnenever tne nost issues it a command. CiUSY is returned to 

1 by tne controller wnen tne commana is terminated. 

g. ATTN: Tne attention signal is set true cy tne 

controller at tne end of eacn command. Tne nost responds by 

reading tne Termination Status byte from tne data port. 

ATTN is set false by tne controller only after tne 

Termination Status byte nas been react. 

n. DREC: Data request is used to request tne 

transfer of data to/from tne controller. Tne direction of 

tne transfer is controlled by tne OUT signal. Data can only 

be transferred by tne nost in response to DPSO. 

i. OUT: Tnis indicates tne direction of data 

transfer. If OUT = 1, tne transfer is from controller to 

nest (a READ operation). If OUT = 0, it is from nost to 

controller (a WRITE operation). 

All bus lines and control sisnals (except C3USY) are 

active low at tne interface connector. Tne pnysicai 

interface to tne 8 controller ous lines must oe tnroupn an 

INTEL 822Ö Inverting bi-directional driver/receiver cr its 

equivalent provided by tne nost system. Tne nost must also 

provide IK onm pullup resistors on eacn of tne ous lines. »_. 
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Interface to tue SEL, ENOIB, TATA, ¥STR, and KSTH 

control lines is tnrougn a 743B inverting driver or its 

equivalent. Ttte ATTN, CMJSr, DREü, and OUT control signals 

are used in a DMA interface environment. If operation is in 

töe programmed I/C mode, tfte r(*A sienais do not nave to be 

pnysically connected. Tae logical condition of tnese 

sis-nals can be obtained by reading tne status register (see 

RSTR above). 

2. General Operation 

Command execution is started in tne Controller ooard 

by writing a command byte to tne command port, followed cy 

writine six parameter bytes and a GO byte to tne data port. 

Tne command byte identifies tne type of command walle tne 

parameter bytes contain tne control and addressing 

information necessary to execute it. Tne GO byte actually 

starts tne command execution and can contain any value. 

After tne controller nas executed tne command, a Termination 

Status byte is written to its data port and ATTN is set. 

Vnen tne nost reads tnis byte, tne command execution is 

complete and tne controller can accept a new command. 

3. Command s_ a nd Error Recovery_ 

Tnree types of commands can be executed: non-data 

transfer, transfers from nost to controller (write), and 

transfers from controller to nost (read). Tie non-data 

transfer commands are used for disc maintenance. Tnis set 

of commands permit,  amone otner tnin^s,  tne initialization 

52 

.^—   - - -        -     • • . . . . . . . . 



.. - -   ....   . - - .... 

and/or verification of ail 580 tracts associated witr. one of 

tne five irive neads. 

Trie read and write commands nave tnree major 

options: operation on an entire tracK or a single sector, 

programmed I/O mode or DMA mode, and automatic retries 

enabled or disabled. Tne single sector, programmed I/O, and 

automatic retries enabled options were used for all 

read/write operations in tnis implementation of Micropolis. 

The automatic retries feature is an extremely powerful one 

and warrants furtner discussion. 

If automatic retries are enabled, tnree levels of 

retry are performed by tne dist controller for data errors. 

In level one, a correction attempt is made on tne data using 

tne standard CRC-CCITT 16tn order polynomial. If tne 

correction attempt was successful, tne corrected data is 

transmitted to tne nost. If not successful, ä level two 

retry is invoiced. Level two will repeat tne operation and 

correct ' i attempt up to ten times. If still unsucessful, a 

level  tnree  retry  begins.   In  level  tnree,  tne read 

amplifier ?ain is increased and level one and two retries 

are performed. If tnis fails, tne nead positioner is offset 

one way then the other from the tract center and level one 

and two retries are performed again. If all retries fail, 

tne command is aborted and an error condition is placed in 

tne Termination Status byte. Tnis feature ~learly provides 

for a nlen degree of data integrity and error recovery. 

S3 

_J_J • . • ^_.,  - - - . ....  . . 



•T-»'     —I T"^^ r-T-" — 1   —  ."-  V" 

4 •    Parameters 

All six parameter bytes require! as a part of 

command execution must De transmitted to tne controller even 

tftoueh some may not be used. A description of tnose 

parameters  is  contained  in  tne  list  below. 

a. Parm 1: Bits 4-7 contain tne nead address fa 

value between 0 and 4). Bits 2 arid '6 are set to 0 and bits 

1 and 2 contain tne unit address. Recall tnat only one 

^icropolis disic unit is used and tnat its address is 0. 

Tnis malres only five values valid for Parm 1 depending on 

tfte  bead  selected:   00K,   10H,   20H,   30H,   and 40K. 

b. Parm  2:       Tnis     parameter     contains     tne     least 

significant S   bits  of  tne tracs address. 

c. Parm 3: Bits 0-2 contain tfte most significant 2 

bits   of   tne  tract  address  and  ail   otners  are   set   to  0. 

d. Parm 4: Contains tne sector address (a value 

between  0   and  22). 

e. Parm S: Contains tne number of sectors to 

process.     In   tnis  implementation,   tnis  value  is  set   to  l. 

f. Parm 5: Tnis parameter is used only in tracs 

oriented commands and since sector read/write operations 

were used,   tnis  byte  is  always   set   to  0. 

C.     PREVIOUS   rfORK 

Tne  Micropolis  unit  nad   been  previously   interfaced   in  an 

INTSL    MM  single  user environment   üy  James   *oßn     [?.e?.   14], 
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Tais interface was constructed using tae iSBC's or.poarc 9255 

programmable I/O levice. 

Tfte 925b can he confieured in a combination of tnree 

nodes: -node (0, mode 1, and mode 2. Tnese modes and tne 

operation of tne device is discussed in detail in [Eef. 15J 

In John's application, tne 9255 was programmed in mode 2 and 

mode 0. Mode 2 provided 8 oi-directionai aata lines at Port 

A and 5 control lines for tne oi-directional data port anl 3 

output only lines at Port C.  !"ode '£  proviüed 8 output only 

lines at Port B. 

Tne required 8225 drivers wita IK onm puilup resistors 

are hard-wired on the 96/12A in line with tne bi-directional 

data port of the 9255 and did not nave to be adied. The 

required 7439 drivers were inserted in sockets All aaa A12 

on tne iSEC in line wita Ports B anc C. Joan's final 

interface    design  is  depicted  in Figure 4.1. (Ail    active 

low signals are indicated Dy following tae signal name witn 

a 7*i sucn as AC£/. Tnis notation will oe used tnrougnout 

th    remainder of   tnis   taesis.) Note  from  tnis   figure  taat 

tne STB/ and ACE/ signals needed by tne 8255 to latcn input 

data and enable the tri-state outuut buffer are provided by 

wiring two of tne Port B output lines into the STB/ and »C£/ 

inputs. Tnese signals must be controlled locally as the 

disK controller provides  no  compatible  signals. 

As part of James Jonn's wort, ne also reconfigured tae 

CP/M    BIOS   to  accomodate   tae  WicropoiiS   lisic and     two     INTEL 
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figure 4.1  Prerioua Design 
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MDS  floppy disK units.   Tnis ?ave a complete,  single user 

system witn a total of seven accessible drives. 

D.  INITIAL EFFORTS 

It was envisioned to expand on Jonn's wort tc accomplisn 

integration of tne Micropolis disir drive into tne AEGIS 

multiuser development system. Tnerefore, tne first logical 

step was to set up James Jonn's system and test it. 

Various files were read from tne floppy drives and 

written to tne Micropoiis drives and vice versa. Tnis 

oreinally appeared successful. However, wnenever a source 

code assembly language file was read and an assembly 

attempted on tnat file, tne assembly continuously failed. A 

print-out of tne source code file «as obtained and various 

errors were found tnat did not exist in tne orieinal file. 

Tnis led to tne belief tnat a bad copy of tne \SM86.C!"D 

assembler was beine used and it was crasßia* not only 

tne system but also tne file it was operating on. A good 

copy of tne assembler was obtained and tne test repeated 

witn continued negative results. Hardware connections were 

verified and re-verified. Software was also cnecsred and re- 

cnecKed. Nevertheless, numerous otner experiments still 

produced negative results. 

At tnis point, tne design was re-examined and tnis 

uncovered tne problem. A timing analysis was performed and 

is  presented in Fleure 4.2.   Tne latcn of »RITE data  from 
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the r.ost to tne controller occurs within a valid reeion 

(window) as snown. However, tne latcn of READ data from 

tne controller to tne nost does not. This occurs because 

the RSTR/ and ST3/ signals are pnysically wired together. 

Botn will go active/inactive at exactly tne same time. Tne 

controller will hold tne BUS active cnly for 100 nanoseconds 

maxinum after RSTR/ goes inactive. However, tne 3255 

requires 150 nanoseconds minimum to latcn the data after 

STB/ goes inactive. Tnus, tne data tnat is latcned may or 

may not be valid. This explains why marginal success was 

obtained wnen source files were just written to and read 

from the Micropolis. It also explains wny random errors 

that were not present in the original source file were found 

in the file tnat was printed from the *!icropolis. 

S.  NEW DEVELOPMENT 

1.  Design 

A. new interface was designed in wnich tne ACS/, 

STB/, RSTR/, and WSTR/ signals were ail independently 

controlled oy setting tne appropriate bit on the £255. 

Because tne condition of eacn individual signal is row under 

software control, it can be ensured tnat tne data will 

remain valid Ion* enougn for eltner tne controller or tne 

8255 to latm it. The new design is presented in Figure 4.3 

and tne associated timing diagram in Figure 4.<i. *s snown 

in Figure 4.4, all latching occurs in valid windows. 
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To write a byte of information to trie controller, 

tne byte is first written to Port A of tne 8255 ana tne ACK/ 

sienal is set to Q, enabling tue tri-state output Duffer and 

driving tne bus lines witn tne contents of tnat ouffer. 

Next, WSTR/ is turned on (set to 1) and turned off (set to 

0). Tne controller will copy tne bus lines into an input 

buffer on tne trailing edge of WSTR/. Finally, tne tri- 

state buffer of tne 8255 is disabled by setting ACK/ to 1 

and tne write operation is complete. 

To read a Dyte of information from tne controller, 

RSTR/ is activated. Tnis will cause tne controller to drive 

tne bus lines witn its data Duffer as long as RSTR/ remains 

active. Next, STS/ is turned on (set to 0) anc turned off 

(set to 1>. Tnis copies tne bus lines into tne 8255 input 

buffer. Lastly, tne RSTR/ signal is deactivated and tne 

byte can be accessed by reading Port A of tne 8255. 

Eacn of the bit set/reset operations needed in tne 

read or write functions just described, requires a *0V and 

an OUT instruction for a total of 20 clocK periods in tne 

8085. VIfB a 5 Mnz cloct, tnis is 4.0 microseconds and 

clearly, more tnan meets tne response or settling time 

constraints of either the 8255 or the dise -ontroller. 

2.  ImElementation and Testing. 

Tne design in Figure 4.3 was set up on an iS3C 

So/124. The following nardware changes were required to the 

board: 
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E17-E1Ö 
E19-E20 

E21-E25 
E28-E29 

Remove  jumpers: 

E13-E14 
Blö-Biö 

Add Jumpers: 

S29-E15 
E30-E17 
E30-E25 

Aid 7438 drivers in socxets: 

XA11 
XA12 

Next, a caoie was constructed tnat would irterface 

tne Jl 34 pin else connector of tne 86/12A to tne 3101 34 

pin edge connector of tne Micropoiis controller. Tne 

caoiing requirements are snown in Table 4.1. Tnose pins not 

snown are not required and are not connected. 

Tne 86/12A was tnen placed in tne iCS 90 cnassis for 

testin/?. Only tne most primitive routines were written to 

read and write to various Heads, tracss, and sectors of tne 

Mlcropolis. Tnese were executed under DDTBö to allow manual 

cRanging of tne command and parameter Dytes. First, a 

single cnaracter was written to fill an entire sector and 

tnen read tacK. Tnis was successful. Next, a text message 

was prepared and written to a variety of different sectors 

and traces of eacn drive nead. In eacn case, tne message 

was retrieved successfully and it was concluded tnat tne 

design was functional. 
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iSBC 86/121 Jl 
CONNECTOR PINS DESCRIPTION 

UICROPOLIS J101 
CONNECTOR PINS 

SI6 

48 

48 

42 

40 

38 

36 

34 

24 

16 

14 

12 

10 

SNO 

(NONE) 

46 

43 

41 

39 

37 

38 

33 

23 

IS 

13 

11 

<r BIT 0 

<• 
BIT I 

BIT 2 

<r 
BIT 3 

<r BIT 4 

<• 

BIT 6 

<• 

BIT 6 

<r 
Bit 7 

<- 
DATA 

<- 
SEL 

<r 
ENABLE 

<" 
WSTR 

<T 
RSTR 

•> 

-> 

•> 

•> 

•> 

•> 

•> 

•> 

^ 

"> 

3IQ 

16 

14 

12 

10 

20 

28 

26 

24 

22 

Table 4.1  Interface Cable Connection Requirement« 

GND 

(NONE) 

13 

11 

19 

27 

26 

23 

21 
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F.  INTERRUPT ^ECHANISr" 

1.  Design 

Witn ine interface design complete, it remained to 

design the timer-controlled interrupt for poiline common 

memory. Tne design was oased on two devices availaoie on 

tne 96/12A: tne INTEL 8253 programmaDie interval timer an; 

the INTEL 8259 peripheral interrupt controller. 

Tne 8253 nas three itcependent 15-bit counters and 

each can DP programmed in one of five modes, retails of its 

operation can be found in LRef. 15J. Tne design employed 

nere uses only counter a and it is programmed in mode 0, tne 

"interrupt on terminal count" mode. In this mode, the 

output of tne timer will De driven low wnen tne mode control 

word is written to it. After the ^ouac value is lo^aea into 

tne count port, the counter will oegin counting down. Upcn 

reacning tne terminal count, tne timer output will eo nien 

and regain high until a new count value is loaded. 

The mode control word selected was 3eH . This *ives 

timer lä tne following cnaracteristics: operation in -node '£, 

binary 15-bit  counter,  and  load  count  value  as  least 

significant  byte  first then most  significant  cyte, 'he 

count value used was 35J0CE wnicn corresponds to an interval 

of 10 milliseconds at a docs frequency of 1.23 "^HZ (the 

CIOCK frequency supplied to tne 8253 oy factory default). 

Liire  the 8253,  the INTEL 8259 has many different 

options available.  Only tnose appropriate to this  design 

65 

• in •d^aA^fcn •     - i   - . :   :-  



. ... . . . . - .-.- -. ---.-.- .-. -.-.- -.-.-. .... .... , 

are covered in tne followlne parasrapns. For Tore 

information see [Ref. 15J. 

Three initialization corrmand words (IOM ana one 

operational  control  word (ÜCV) are  required  to  properly 

configure tne 9259. ICWl is set to 13R. Tnis corresponds 

to enge triggering, no slave interrupt controllers, and IC.V3 

is not required. 

ICV2 is set to 40R. Tnis is used in conjunction 

witn tne interrupt level number to arrive at the address in 

tne Interrupt vector table (see Figure 2.3) fron vnicn t.a 

ootain tne code segment and offset values for tne interrupt 

sandier routine. Interrupt level 6 was cnosen and tnis 

corresponls to a vector table address of: 

4 * (40R + SH) = lieH 

Tnerefore,  tne address nt  tne interrupt naniier *nust  ce 

loaded in tnis location. 

ICV4 is set to 0FH. Tnis indicates 8086 mode, 

automatic end of interrupt, and buffered mode. 

0CW1 is used to mastc unused interrupts. It is set 

to SFH. Tnis enables interrupt level 5 and disables all 

otners. 

2.  Implementation and Testing 

To  implement  tne design simply  required  removing 

default jumper E79-E83 and connecting a jumper between E?5 

and E83.  Tnis connects tne output of timer 0 on tne 3253 to 

tne interrupt ö input on tne 8259. 

ÖÖ 
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A primitive routine was written tnat initialized 

botn devices as aescibed above ana loadea. an interrupt 

nandler address into tne vector taDle. Tne interrupt 

handler was a simple routine tnat performed tne following1: 

saved all registers on tne stacK, printed a message at tne 

console, restored all registers, and reloaded tne count 

value into tne timer. Wnen tested, tne timer-controlled 

interrupt functioned normally. 

G.  MCOP.TEX INTERRUPT 

As stated in Chapter III, the MCORTEX operating system 

uses a type of global interrupt for message broadcasting. 

The hardware configuration required to achieve this is 

depicted in Figure 4.5. Port C of tne B"255 is initialized 

as an output port and to "issue" tne interrupt requires 

setting tit 7 of port C to l. 

It is envisioned tnat future development will allow  tne 

CP/^-Bö operating system and rCORTEX to co-exist in tne 

local P.AM of eacn independent user on tne AEGIS multiuser 

development system. Tnis was taten into account in this 

research °ffort. Nevertheless, changes in tne hardware and 

hardware initialization will be necessary before tnis can be 

achieved.  Those changes are identified beiow. 

Botn ^CORTEX and CP/M-88 (witn tne "^lcropolis 

integration). Initialize tne B259 interrupt controller with 

exactly  the same initialization command  woris.   Interrupt 
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level 5 was cnosen for ^lcropolis to De of a lower priority 

tnan the interrupt level 4 used by ^CORTEX. However, re-all 

from Section F-l tnat tne operational command word is set to 

BFE and tnis masics all interrupts except level 6. Tnis 

value will nave to De cnanged to AFH to activate interrupt 

level 4. 

The ^CORTEX interrupt bit will also nave to De roved as 

shown fty tne dashed line in Figure 4.5. Tnis is required 

because tne Micropolis dise drive uses Port C as a strooei 

input/output port. Tne nardware dependent source con» found 

in the advance, pre-empt, ana initialization processes of 

MCORTEX will have to be updated to reflect tnis cöanee. 

b9 

• fc • * - •*- ^M-^-* - % »• • -^ *. -.-M..-n^j^.*--^--r-ifn«Tl  n  m • ff ' • ' - • » _» »--..-. 



V.     SOFTWARS IMPLEMENTATION 

A.  MAINTENANCE SOFTWARE 

Before trie Micropoiis dlstt unit could be used, it was 

first necessary tc write a routine tnat wouli initialize and 

format trie dlsfc surfaces. Tne purpose of Initialization is 

to write tne address and data fields of eacn sector onto tne 

surface. Tnis Is a controller invoiced function. After 

initialization, tne address field will contain tne required 

nead number, tract number, and sector nunber. Ail data 

fields will contain 51H. 

Tne purpose of formatting Is to cnange tne contents of 

tne data fields from tne 51H tnat resulted during controller 

initialization to E5H. Tnis is necessary because CP/M-96 

expects to find E5H in tne data fields in order to create a 

directory space. 

Tne routine tnat was developed, MICMAINT.CMD, is 

completely menu driven and extensive error cnecKing is 

performed on all user supplied input. Tnis routine provides 

not only initialization and formatting options but also 

verification of initialization anl verification of 

formatting. Tnese additional facilities enable tne user to 

easily uncover any disK surface defects. For an explanation 

of now to use MICMAINT.CMD, see APPENDIX A (User's Manual 

for tne AEGIS System) . 
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Tne Micropolis disK surfaces were successfully 

initialized and formatted vitn MICMAINT.CMD. No surface 

defects were found in tne initialization process. 

B.  DEVELOPMENT OF TEE DE7ICE DEPENDENT ROUTINES 

As stated in Cnapter III, seven device dependent 

routines were necessary in order to interface tne vicropoiis 

dislc drive into tne A.ESIS development system. Tr.e SELDSK, 

HOME, SETTR£, SETSEC, READ, and »SITE routines were 

developed simultaneously. Tnis was a consequence of tne 

Micropolis 512 byte pnysicai sector lenetn. Tte CP/M-fc6 

operating system utilizes a 128 Byte logical sector lengtn. 

Tnerefore, a pnysicai to logical sector mapping 

(blocfclng/deoiocieing tecnnique) was required in order to 

communicate witn CP/M. Tne metnod usea nad an effect on all 

six of tnese routines. 

Tne INIT routine required special attention as it was 

used net only to initialize tne parallel I/O port, tne 

timer, and tne interrupt controller out also to embed tne 

tne interrupt nandier witnin tne operatise system. Tne 

details of DCtö tne INIT routine development and tne 

bloctlng/iebiocfcing aigoritnms used are given oelow. 

1•  Initialization and Interrupt Handler 

Tne Hardware initialization reauired for tne INIT 

routine nad been previously developed and tested (see 

Cnapter 17).   It remained to develop an interrupt nan^isr. 
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Recall tnat tne sole purpose of tne interrupt 

handler is to effect communications oetween tne «Icropolls 

disic controller ana tne common memory. A status byte, 

command pacnet, and a 512 oyte sector Duffer were 

established in tne common memory to coordinate tnis effort. 

Figure 5.1 depicts tne resulting map of common memory 

addresses. 

Tne status oyte serves two purposes: to inform tne 

interrupt nandler tnat a disff read/write operation is using 

reauested and to return tne success/failure ~oae tnat 

resulted during tnat operation. It is initialized to 2FFH 

as a part of tne Vicropolis IMIT routine. Tne status byte 

is set to 00H to request a disK operation and tne interrupt 

nandler will return tfAH if tne operation was successful. If 

it failed, one of tne nine error codes listed in tne 

Micrcpolis Tecnnical vanual pages 24-25 is returned. 

Tne command packet consists of ei^nt values: tne 

command byte, six parameter bytes, and tne GO byte. Tne 

parameter bytes were discussed in detail in Cnapter IV, 

Ser-tion B-4. Tne SO byte can taice on any value ana 0 was 

used. The command byte used in tnis implementation can oe 

eitner 4?H for tne write operation or 4EH for tne read 

operation. Tnese values give botn tne read and write 

operations tne desired characteristics of single sector 

processing, programmed I/O data transfers, and automatic 

retries enabled. 
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EOOO:OOOOH 

:0100H 

:0300H 

:0400H 

:0500H 

SOOOH 

5100H 

:B300H 

:7FFFH 

ticket •errer logtbl 

CP/II Buffer 

BOOT.CUD 

CP1ISUVE.CMD 

Micropolis 
Status Byte 

Uicropolia 
Cowaand Packet 

Micropoli« Sector Buffer 

FREE 

Pigure 5.1  Final Coaaon Meaory Allocation Map 
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Tne sector Duffer is used to transfer data to ana 

from tne controller. Botn primary and alternate data 

transfer protocols are possiDie in tne programmed I/O -node 

and tnese are shown in Figures 5.2 and 5.3 respectively. 

The alternate protocol differs from tne primary protocol in 

tne amount of status ejecting required. AS snown, tne 

primary protocol requires a status cnect between tne 

transfer of eacn data byte wnile tne alternate does not. 

Öse of tne alternate protocol is possible cniy if the loop 

time is greater tnan tne 1.5 mlcroseconds/oyte response time 

of the controller. Recall from Chapter IV that all 

operations require a minimum of a MOV and an OUT instruction 

and tnese two instructions need 4.25 microseconds to execute. 

Thus, tne alternate data protocol was employed in tne 

interrupt nandier to improve response times. 

K brief description of how the resultin? interrupt 

nandier worts is in order. When tne timer-controlled 

interrupt occurs, tne interrupt nandier routine will save 

tnose registers tr.at are needed by tne routine on tne stacx 

and cneci tne common memory status byte. If a ncn-zero 

value is found, tne timer count value is re-loaded, tne 

re?isters are restored from tne stacjc, and a return is 

executed witn no furtner action taten. If a zero value is 

found, t*e command byte is read to determine the direction 

of data transfer (to the common memory sector buffer for a 

read operation and from it for a write operation^.   Next, 
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c BEAD DATA 
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Figur« 5.3 Alternate Data Trancfer Protocol 
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tne entire command pacfcet is transmitted to tne controller 

and wnen tne DFEQ signal is sensed, tne data is transferred 

using tne alternate protocol described above. Finally, tne 

Termination Status byte is read from tne controller and 

placed in tne common memory status byte, tne registers are 

restored from tne stacK, tne timer count value is re-loaded, 

and a  return  is executed. 

Tne interrupt dandier and initialization routines 

«ere loaded into memory and DDT86.CMD was uses to manually 

set tne interrupt nandler's common memory variables. Tnis 

enabled extensive testing to be carried out and tne routine 

was  found   to   function  as  designed. 

At tnis point, tne interrupt nandler was being 

loaded into local HA!" at tne top of tne transient program 

area (TPA). Because all users nave access to tnis area, it 

would • be quite a simple matter to write over or otnerwise 

alter tne routine and tnus, disable tne distc communications 

capability. A more practical solution nad to be found. It 

was decided to place tne interr pt nannier immediately 

following tne return instruction of tne ricropolis INI? 

routine for two reasons. First, because tne routine would 

be a part of tne operating system, it would not be as easily 

accessible by tne user. Secondly, tnis co-locates tne 

routine witn tne initialization of tne nardware uses, t 

invoice it. This maires future modifications to tne routine 

or  thf   fcnnique  easier. 

0 
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2 •  glop.ging/De.blocgJag 

The pnysicai to logical sector napping required for 

the !"icropolis distc system was supplied, in part, by tne 

Digital  Researcn  DEBLOCK.LIB source file.  Tnis  file is 

suppiiei as a part of tne CP/M-Bö operating- system. It 

provides a complete routine for HOME, SSTTRK, SSTSEC, and 

SELDSK operations. READ and WRITE operations are also 

supplied but require tne user developed routines READRST and 

tfRITEHST. 

Tne READHST routine tnat was developed prepares tne 

command pacxet described in Section 1 above and sends it to 

tne common memory. Tne status byte is tnen cnanged tc 0 and 

tne routine waits for tne interrupt nandler tc cnange tne 

status byte. If tne status byte indicates success, tne 

common memory buffer is copied into a local sector buffer 

and tne operation is complete. If an error is indicated, 

tne error flag used by tne BDOS is set and tne common memory 

buffer is not copied. 

Tne 'n/RITEHST routine closely follows tne READHST 

routine. First, a command packet is prepare! ana sent to 

tne common memory. Tnen tne local sector buffer is placed 

in tne common memory sector buffer ana tne status byte is 

set to 2. The routine tnen waits for tne status byte to 

indicate success or failure and tne £DOS error flag is set 

accordingly.  Tnis completes tne write operation. 
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It snouil be noted tnat in tne HEADHST and vRITt'HST 

routines, tne status byte must oe set to 0 only after tfie 

command pacicet and common memory sector buffer (write 

operations only) are set up. Tnls is necessary oecause wnen 

the interrupt occurs, tne interrupt sandier will use tne 

command pacicet and sector buffer in common memory at tnat 

time. If tne status byte is set to 0 prior to preparing 

common memory, tnere may or may not be enouen time to 

prepare it. Setting tne status byte to 0 after tne common 

memory nas been prepared ensures tftat tne intended operation 

will be carried out. 

Tne DEBLOCK.LI.S routines cited above were used in 

tneir entirety to provide tne remaining device dependent 

routines. However, one minor alteration was necessary. Ail 

variable names were prefixed witn "MIC", Tnis was reauired 

because Aimquist and Stevens' wortc usea tne same routines 

for tne REVEX nard diss [Ref. bj. 

C.  INTEGRATION INTO THE MULTI-USER SYSTEM 

To Integrate tne Picropclis nard distc into tne multi- 

user system, tne seven device dependent routines were placeo. 

in a single file, 1ICH&RD.AS6. Next, tne Dis£ Parameter 

Table was updated to reflect tne Micropoiis disit unit. Caen 

one of tne five irive Reacts was configured to be to a 

logical CP/W drive. Tne final logical to pnysicai device 

mappln? for tne multiuser system is snown in Table b.l,  Tne 
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a 
Logical 
Dorice 
Muaber 

Logical 
Doric« 
Letter 

Phyaical 
Device 

0 A: MBB-80 Babble Meaory 

1 B: REMEX Floppy Disk Drire 

2 C: REMEX Floppy Disk Drire 

3 D: REMEX Hard Disk H«ad 0 

4 E: REMEX Hard Diak Road 1 

5 F: BEHEX Hard Diak Hoad 2 

6 (J: REMEX Hard Diak Hoad 3 

7 H: UieropolU Hard Diak Hoad 0 

S I: Micropolis Hard Disk Hoad 1 

9 J: Micropol is Hard Disk Hoad 2 

10 El Micropolis Hard Disk Hoad 3 

11 L: Micropol is Hard Disk Hoad 4 

Tablo S.l  Logieal to Physical DoTlee Map 
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calls to REQUEST and RELEASE were placed in tne RS.4D ana 

WRITE routines, tne label taoie file, CP
M
MAST.CIG, was 

updated, and an 'INCLUDE RICHARD.A8ö' statement was placed 

In tne BIOS module. Tne steps of Figure 3.4 were followed 

and a new CP^.SYS was generated. Note tnat in tne original 

system of Almquist and Stevens, tnis rile was titled 

"CP*VAST.CMD". It was necessary to cnange tne name as a 

result of otner worst accomplisned during tnis researcn 

effort.  This is discussed in tfte next section. 

Tne master conditional assembly switcn in tne BIOS 

module was set to false and a CPMSLAVE.SYS file was created. 

Tne slave version is different from tne master version in 

tnat trie Micropoiis interrupt nandler and nardware 

iritiaiization, as well as tne intialization of common 

memory syncnronization variables, are not included. 

Wnen tne system was initially tested, it loaded 

properly ind only certain commands, sucn as DIR and REN, 

could t. executed. Commands sucn as PI? and STAT would not. 

In fact, tne system would come to a nalt and reauireo. re- 

booting wnen these commands were attempted. *any 

experiments were conducted in an effort to find tne source 

of tnis problem. It was discovered tnat only trie sulit-in 

commands (DIR, REN, ERA, and TYPE) would execute. 

Trie difference between a built-in command and a 

transient utility program is tnat tne built-in comnanc 

resides  in memory as a part of tne operating system wniie 

?1 
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trie transient utility program resides or. disic. T:ius, 

transient utility programs, liice PIP, must first re loaded 

in memory. This proeram tnen becomes tne applications 

program of Figure 3.1. Any dist operations required in tne 

process of executing tne program must be performed by tne 

BDOS module. Tne applications proeram indicates that a disic 

operation is required bv first setting tne CX register of 

tne 6285 to tne appropriate function number ani tnen 

executing tne software interrupt number 224. When 

interrupted, tne PDCS module will carry out tne indicated 

function. 

Tnis conflicts *ith hardware interrupts. Recall from 

Chapter II, Section A-4 that a software interrupt is of 

nis-ner priority tnan a nardware interrupt. As snown in 

Figure 2.4, when a software interrupt is being1 processed, 

t.ne hardware interrupts are not sensed. A transient utility 

program enters tne BDOS oy executing a software interrupt as 

described above to perform any read/write operation. In 

this implementation, tne read/write operation for the 

f'icropo lis can be completed only if tne nardware interrupt 

occurs.  Therefore, a deadlock results. 

Tnis problem was solved oy executing an INT ?'<? 

instruction on the master board wnenever a MlcropollS 

read/write operation is needed. This forces tne interrupt 

handler to execute even thou^n the entry to tne üDOS nas 

prevented  tne  nardware from causing  its  execution.   Tne 
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CPM.SYS and CPMSLAVE.CMD files were re-generated as stated 

above ana tested again. Aii command file executions on tne 

master board were successful. All four AEGIS system boards 

were tnen booted and tne multiuser system was tested. 

Simultaneous operations conducted on tnese four boards were 

also successful and it was concluded tnat tne Micropoiis 

disK unit had been successfully integrated into tne 

multiuser AEGIS development system. 

D.  A NSV BOOT ROM AND LOADER 

Early in tne development stages of tne Micropoiis 

interface, it was discovered tnat a power failure would 

destroy tne contents of bubble memory. Since, tne operating 

system was booted from tnis device, wcrK ^ould not be 

continued until tne bubble memory nad been re-formatted and 

re-loaded witn tne operating system. Tnis is an extremely 

time consuming tasa: and tne metnod is detailed in [Ref. b, 

Chapter 17, Section DJ. Tnus, it was considered desirable 

to be able to boot load tne operating system from tne REMEX 

floppy dist drive. A new boot ROM and loader routine were 

developed for tnat purpose. 

1.  Boot, Leader 

As stated in Cnapter III, tne £& byte KPROi" cnips 

on tne iSBC 8Ö/12A contain tne INTEL 95? monitor and control 

is passed to tne -nonitor wnenever tne system RESET button is 

pusned.   Botn  tne  bubble boot loader and  tne  INTEL MDS 

8'6 
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system boot loader co-exist with trie monitor in tnis 8S 

EPROM space. 

It was originally tnougnt tnat tne REMi'X Doot 

loader could simply be added to tne EPROM. However, tnis 

was not possible because tne space occupied üy tne monitor 

severely limits tne space available for programs. Tne 5K 

EPROM cnips occupy tne address space between 0FE00S5E and 

0FFFFFH. Tne 957 monitor occupies tne spare between fc'FEiJfc'eH 

and 0FFD22H and contains a set of jump vectors at tne base 

of tnis address space. Tnis leaves approximately 72f 

decimal bytes of space for boot loader programs. It was 

decided at tnis point to maintain tne monitor and INTEL MDS 

system boot loader in tne EPROM and to replace tne bubble 

boot loader wi tn tne one for REMEX. Tnis would preserve tne 

flexibility of being able to boot load tne 56/12A from two 

different systems Instead of just one. 

A boot loader simply loads tne program located en 

tne reserved system traces of tne diss into memory and 

passes control to it. It is tne responsibility of tnis 

program, tne loader, to load tne actual operating system 

into memory and pass control to it. To develop a boot 

loader for tne REMEX would require tnat a wording system 

loader be placed on tne system traces of tne diskette. 

Since one nad net yet been written for tue REWEX, tne bubble 

system loader, LDRMB80.CVD, was used for development 

purposes.   This  would  permit  tne  boot  loader  under 
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development to load tue bubble system loader fron tfis Ri^EX 

floppy disK and tills loader would tnen load tne operating 

system from DUDble memory. A boot loader program, 

RM7R0M.AB6, was successfully written, debugged, and tested 

usin«? tnis technique. Tne source code for tne INTEL MDS 

boot loader was tnen successfully integrated into 

R^XROM.Aee. 

2«  System Loader 

Tne system tracss of a single density, eie-nt incn 

floppy disK nave Ö.5K bytes of storage capacity am tne 

system loader must be limited to tnis size. To generate a 

loader BIOS module for tne REI^EX, a -onditionai assembly 

switch V:-- added to tne present BIOS module. Tne switcn, 

"loader_bios", wnen set to true, only includes in tne 

assembly tne device dependent code related to tne REtfEX 

floppy disic drive. A new label table file and a new Disic 

Parameter Table were created. Tnese files, LLRPAST.CEG- and 

LCRMAST.LIB respectively, reflect tne REMJSX floppy disu as 

tne only diss drive in tne system. Tne steps of Figure 15.5 

were used to create tne loader (It snould be rioted nere tnat 

tne LDCP'I.CMD provided by Digital Research for use in the 

loader, expects to find tne system file as CP^I.SYS and tnis 

was tne reason for the name chanee cited in Section C 

above). Tne resulting loader, RtfXLDR.C^D, was approximately 

SK  bytes and easily fit on tne system  tracs?   Tne RE^EX 
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system loader was debugged and tested usin*? the RJM£X  boot 

loader as tae test vehicle. 

3.  Programming the EFROtf 

With the boot loader and system loader routines 

complete, tae EPROM chips could now he programmed. The BK 

bytes of EPROM consist of four 2K cyte INTEL 2715's. 

Because of tne even-old addressing used on tne E5/12A, two 

of tnese occupy tne even 4K Dyte address space wnile tne 

other two occupy the odd 45 byte address spare. because the 

only space available for boot loaaers is located entirely 

within the upper 45 bytes of EPROM, it was necessary only to 

modify tne two 2715's occupying this address space. 

rTT85.CMD was used to read tne contents of tne 

upper 45 bytes of tne B6/12A's EPRO*! and this was saved as a 

CHD file. Again using DDTSS.CYD, tne existing boot loaders 

were removed from tnis file and tne contents of RM7P.0M.CVD 

were inserted. This resulted in a single contiguous file 

containing tne upper portion of tne 957 monitor, a boot 

loader for the REMEX, a boot loader for tne INTEL MTS 

system, and tne Jump vectors required by tne 957 monitor. 

Two routines were tnen written tnat split tnis file 

into two files: one containing tne odd address bytes and the 

otner containing tne even address bytes. Two new INTEL 

2715s »ere then programmed with the contents of these two 

files. Tne newly programmed cnips were placed on tne iS3C 

«6/12A anl tested.  The INTEL *DS system was  successfully 
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boot loaded Dy typing töe command &FFD4:S? from tne monitor 

and tne AEGIS development system was successfully rooted 

from tne REMIX floppy diss drive cy typing tne comsand 

"SFFD4:4" from tne monitor. 

H 
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VI.  RESULTS AND CONCLUSIONS 

A.  EVALUATION 

Two tests were conducted to evaluate tne performance of 

tne AEGIS ievelopment system. Tue first test consisted of 

assembling a öK byte file and recording tne assembly time. 

Tnis was done for botn tne Kicropoiis disir system ana tne 

REMEX Data tfarenouse witn one, two, tnree, and finally, four 

computers operating simultaneously. Timing was accomplisned 

witn a standard stopwatcn. Tne results of tnis test are 

snown in Table 6.1 

Tne second test consisted of file transfers usine tne 

PIP.CMD file utility. Tüis represents a worst case 

situation as file transfers are I/O intensive. Four 

transfer directions were tested: REMEX to REMEX, Micropoiis 

to REMEX, REMEX to Micropolis, and "icropolis to Micropolis. 

A single 27K Dyte file was used as tne transfer file. Once 

again, tne test was conducted witn first one computer 

operating and tnen witn two, tnree, and four coTputers 

operating simultaneously. Tne results of tr.is test are also 

snown in Taole 6.1. 

ks indicated by tne assemoly data, tnere is not a linear 

relationsnip between tne number of computers in tne system 

and tne times required for assembly. In fact, witn four 

computers,  tne time  required for assembly of tne 6K  byte 
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Coanand 

Execution tiaea ( in seconds) 

One 
Coapnter 
Operating 

Two 
Coapnter« 
Operating 

Three 
Coapwter« 
Operating 

Pour 
Coapntera 
Operating 

ASM86 
REMEX 25.2 3T.0 43.7 58.2 

ASM88 
Micropolie 

30.2 49.2 S2.4 76.5 

PIP 
BEHEX 
to 

REMEX 

5.S 22.3 29.7 32.9 

PIP 
Mieropelie 

to 
BEHEX 

T.4 22.4 36.0 43.0 

PIP 
REMEX 
to 

Micropolia 

9.3 36.0 46.0 62.5 

PIP 
Mieropolia 

to 
Micropoli» 

11.5 38.9 48.6 67.3 

Table 6.1    Teat Data 
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file is rougnly 2.5 times tne time required witn just one 

computer. Tnis is accounted for Dy realizing tfiat, except 

for tne contention for snared resources (common memory and 

nence, disir access time), eaen computer can assemcle tne 

file independently of tne otners. 

From tne file transfer data, as well as tne assembly 

data, it is immediately apparent tnat tne REMEX. Data 

Warenouse operates faster tnan tne Micropolis disK system. 

However, tnis is not an order of magnitude as one mignt 

expect wnen comparing a DMA interfaced nard distc to one tnat 

is interfaced using programmed I/O. If tne ten millisecond 

polled interrupt (used to communicate with tne Micropolis) 

is taten into account, tne Micropolis performance wouic come 

even closer to tnat of tne REMEX. Tne reason tnat tne 

programmed I/O interface performance is close to tnat of a 

DMA interface is tnat more time is expended in dibit nead 

movement tnan memory access. 

B.  GENERAL CONCLUSIONS 

Tne primary goal of tnis tnesis was met. A narcuare 

interface was designed for tne Micropolis disic drive using 

programmed I/O tecnniques and tnis was successfully 

integrated into tne AEGIS multiuser system. Tne system was 

demonstrated witn four independent users operating 

simultaneously. Tne addition of tne Micropolis diSK system 

to  tne AEGIS system provides an additional 35.6«  oytes  of 
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on-line storage capacity and snouia prove to be more taan 

adequate for program and data storage. Tnis trees tue REYEX 

nard list to De used entirely for tne SPY-1A radar emulation 

rather than as a software storage media. 

ft. öoot ROM was also developed tnat allowed leading tne 

operating system from tne REMEX floppy disK drive. Tnis 

proved to oe more reliable tnan tne bubble coot procedure 

used at tne onset of tnis researcn. Tne bubble meitory 

frequently "crasned" and required reformatting and reloading 

before it could be used again. Tne cause for tnis was never 

discovered except for noting tnat every time a power failure 

occurred, tne bubble memory would crash. Tne board nas on- 

board power failure protection circuitry. However, tne 

facilities required to tnorougnly test tnis circuitry were 

not available. 

Future researcn involving tne AEGIS multiuser system 

snould include expansion of tne current Bl BPROM to lbK ana 

development of a boot loader tnat would allow booting from 

any of tne devices in tne system. As tne current system 

stands, if tne REYEX floppy disK drive fails, eitner a new 

boot ROM will nave to be generated or tne old bubble boot 

ROY will nave to be restored. Tnis may eventually prove to 

be too inflexible. 

Additionally, some type ot protection scneme needs to be 

implemented for common memory. Currently, tnere is no 

protection and a user program tnat has gone out of control 
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w 

could quite easily destroy tne data in common memory. Tnis 

development would require tnat some type of nardware access 

control be designed and tne 3I0S module fce mocilied to 

activate that hardware whenever common memory access is 

required. 

:• 
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APPENDIX A 

USER'S MANUAL FOR THE AEGIS SYSTEM 

A.  SYSTEM CONFIGURATION 

Tue AEGIS development system consists of: one bubble 

memory board, four INTEL iSEC 86/121 boards, tne REMEX Data 

Warehouse, the Micropolis disK system, and a 32X byte common 

memory board. Tnese boards must meet certain requirements 

in order to worK properly in tne system and tnese are 

described in tne paragrapns tnat follow. 

*•    EÜS1SI ISIS XS/IHA 

This board is used as tne Micropoüs üSK unit 

interface and provides tne bus CIOCK and constant ciocl 

signals to tne MULTIBUS. Tnis board must be positioned in 

tne 1CS-50 cnassis in an odd-numberea slot (tne slots are 

numbered       from     1     to     16     left     to     ri^nt). Tne       board 

reauirements   are: 

Remove  jumpers: 

E13-E14 E21-E25 
E1&-E15 E2Ö-E29 
E17-E1B S30-E31 
S19-E245 S32-E33 

Add jumpers: 

E2e-E15 S30-E17 
E30-E25 

Add 74=3B  drivers   in  sockets: 

XA11 XA12 
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This will set up tne 3255 interface for tae "icrcpcus disc« 

To provide tne constant CIOCK and aus doc«: 

Add jumpers: 

Ele3-El£4 El(öb-Elfc6 

This     board must  also  contain   tne  EPROM   caips  witn   tn?  REMEX 

boot  routines.       Tne  final  requirement  is   tnat   tne  local  RAM 

be    made     inaccessible   to  tae  MULTIBUS.       Tnis     is     cone     by 

adding  jumper E112-E114  ana   removing  jumper E115-S128. 
2«     *ii 2l5.er  iS3C  Sö/12A/S 

Tae remaining boards must nave local RAY 

inaccessacie to tne MULTIBUS and must not provide anv CIOCK 

signals. To malre tae RAM inaccessible, add jumper E112-E114 

and remove jumper E115-E128. To disable tne cloc* signals, 

remove   jumper  B103-EX04 and  E105-E106. 

3. REMEX  Disir  Drive. 

Tne Remex controller board mus be plugged into an 

odd-numbered slot in tae iCS-ee chassis. 

4. Su_b_ble Memcry_ 

Bubble memory must ce plugged into tne slot 

containing tne RUN/HALT switch (currently position 3). 

5. 32i£ By_te RAM 3oard 

Tais board can be plumed into any sict in the 

cnassis and must be configured to start at address E£04J0E. 
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£.  ACTIVATING THE STSTEK 

Before turning any power on, « nsure that tr.e RUN/KALT 

switch, locatea on tne front panel of tne i.CS-80 cnassis is 

in tne HALT position. Next power-on tne equipment in tne 

following order: 

1. Apply power to tne iCS-Bfc? cnassis by turning tne 

OFF/ON/LOCK Key to tne ON position. 

2. Turn on tne RE!«!EX disK Dy toggling tne OPP/ON switcn 

on tne upper right of tne front panel to ON. 

3. Activate tne Picropoiis dlsfc by toggling tne switcn 

on tne ri<?nt oi  its front panel to tne up position. 

4. Spin  up tne REMSX disfc Dy placing  tne STOP/START 

switcn located on tne upper left panel to START.   Tne green 

light over tnis switcn will go out. 

5. Turn on all CRT's. 

b. Toggle tne RUN/HALT switcn on tne iCS-80 front panel 

to  RUN. 

7. Press tne master RESET switcn on tne iCS-ee panel 

in. Tnis generally requires more than one RESET (normally 

three or four). Tne indicator of a good RESET is that all 

CRT's are printing stars and that tne green lignts over ootn 

tne START/STOP switcn and tne A -VRITE PROTECT switcn of tne 

REPEX  are  on. 

With   tne power applied,   tne  next  step  is   to  load   tne  CP/M-eö 

operating  system: 
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1. Place a system aisle in trie REMEX anve 2    (leftmost 

floppy drive) label up and close tne door. 

2. From tne CRT connected to tne master board (tr.e one 
witn tne Miccropoiis interface cable),  type "ü".  Tnis will 

activate tne INTEL y57 monitor. 

3. Enter tne command "GFFE4:4".  Tne disK in drive B 

will be accessed and approximately one to two minutes later 

tne operating system will respond witn: 

ENTER CONSOLE NUMBER 

4. Respond witn tne number on tne rront panel or tne 

CRT.  Tne next request will be: 

ENTER LOGIN DISK 

5. Respond witn tne desired dist.  Tnis will be tne 

only disK tnat you will be permitted write access to. 

5. Tne master board is now operational. To activate 

tne remaining boards, first locate any disn irive tnat 

contains tne following files: LD200T.CMD, B00T.CMD, 

CPMSLAVE.SYS , and LDCPM.CMD. Tnen type tne commands 

"LDBOOT" and "LDCP.M" from tnat drive. Next, type "u" from 

any uninitialized board to activate its 957 monitor. Enter 

tne command "SEeefc? :4fc;e". AS witn tne master Doard, you will 

be queried for a console number and login dist. Reply as 

with tne master board. 

C.  DE-ACTIVATING THE SYSTEM 

1.  Ensure tnat no floppy disKs are in tne REMEX ana 

tnat all users nave finished. 
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2. Press In  tne master RESET button on  tne  1CS-S0 

cnassis. 

3. Place tne RUN/HALT switcn on tne front panel of tne 

1CS-80 cnassis to tne HALT position. 

4. Turn off tne Micropoils list unit. 

5. Place tne STOP/START switcn of tne REMEX disK in tne 

STOP position. Tne green ii^nt over tne switcn will go out. 

vnen tne li?nt comes oacff on tne disjc nas stopped. Vhen 

tnis occurs, turn tne REMEX power switcn to OFF. 

6. Turn tne power off to tne iCS-80 cnassis. 

?.  Turn off all CRT's. 

D.  CREATING A SYSTEM DISK 

1. First,  format tne lisi.  Tnis will nave to oe done 

on a  CP/M compatible system as tne »EGIS system currently 

nas no formatting routine. 

2. Activate tne system as described in Section l above. 

Place tne formatted distc in tne REMEX floppy drive 5. 

3. locate  any  drive  witn  tne  following  files: 

LDCOPT.CMD, RMXLDR.CMD, CPM.SYS, and PIP.CMD. 

4. Issue  tne  command "LDCOPY RMXLDR.CME"  from  tnis 

drive.   lou will oe queried as to vnicn drive to write  to. 

Respond witn "E". 

5. Finally, issue tne command "PIP B:=F:CFM.SYS" (Note 

nere tnat "E" was an arbitrary cnoice, as any drive witn tne 

specified files on it will worir). 
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ö. Tou now nave a system disJC.  It car.  ce testen 

following tne activation procedures described in Section g 

above. 

B.  MAINTENANCE UTILITIES 

Tne system currently contains maintenance utilities for 

tne bubble memory, tne REMBX Data Warencuse, and tne 

Micropolis disJc system. Tnese are described oelow. 

1. Bubble  Memorv 

Tnere are two system utilities for maintenance of 

tne bubble memory: DIAG86M.CMD and M.BBStfFrVT.CMD. ClASa6M is 

a self test of tne bubble and requires nc user input otner 

tnan tne command "DlAG-86" to activate it. Any faults 

occurring durine tnis cnec* are reported to tne console. 

MBE80FMT is used to format tne bubble for a CP/V 

environment. Tne user win be astced to enter tne Case 

address of tne controller. Respond witn "eeefF". Tne 

formatter will   tnen  format   tne   bubble memor:, . 

2. REMEX  Disff  Drive 

Two routines are also available for ire RSMEI: 

RMXMAI\T.CMD and RMXFORMT.CMD. Before eitr.er of tnese 

routines can be successfully executed, tne local RAM of tne 

board executing tnem must be made available to tne MULTIBUS 

as tnese routines were not written to pass information 

tnrougn tne rcmmcn memory. Therefore, jumper E112-E114 must 

be  removed  orlor  to  execution.     RMXMAINT  is  menu  ariven  witn 
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nine available functions. Select the function from CPS list 

at tne console am enter tnat numoer.  Since tnese routines 

are carried out Dy tne firmware of tne R£MSX controller no 

otner user input is required.  RtfllORfT will  format  tne 

RE*EX for tne CP/M environment.  You will oe queried as to 

wnlcn  "nead" of  tne disK to format.  Tne  nead  to  CP/P! 

logical device is siven in tne following list: 

Head 0 Drive D 
Head l Drive E 
Head 2 Drive F 
Head 3 Drive 5 

Select  tne desired nead numoer and enter it.  No furtner 

inputs are require!.  Tou will be notified at tne console 

wnen tne formatting is complete.   Restore jumper E11H-E114 

after completing ail desired maintenance on tne RKMEX. 

3« ^i.£r.2.E2.!iJL £Li£ Sy_ste:n 

Tne Kicropoiis nas  a  single menu-driven    maintenance 

program,     MICMAINT.C^D.       Tnis  prosram must   oe  execute!  only 

fron     tne   coard  containing  tne  Hicropolis   interface.       Prior 

to   runnine it,   ensure   tnat  all   otner  system users   e.re  logs-ei 

into  a   non-^icropolis   disic.     Tue Micrcpolis   "nead"   number   to 

CP/M  logical  disK  is  given  ceiow: 

Head  0 Drive  H 
Head  1 Drive   I 
Head  2 Drive  J 
Head  3 Drive   S 
Head  4 Drive  L 

Tnere  are   two   types  of  commams   in   tne  menu:     initialization 

and     formatting.       Tne  initialization   commands     prepare     tne 
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disK for use ana verify tnat t.iere are no surface defects. 

Tne formatting commands prepare tne disic for tne CP/*1 

operating system. If it is desired to run a initialization 

type of command, six values will be requested. Trese values 

are described below. 

a. Physical Address cf Logical Sector Z:       Tnis 

allows  for a variety of logical sector mappings on tne disc 

itself.  In tnis system nowever,  tnis value is currently 2 

and tnis snould be tne response used. 

b. Sector Sxew Factor:  Tnis  enables tne  sector 

address to be pnysically sicewed on tne isi. Currently, tne 

CP/!" operating imposes its own sicew factor and tnis valve ib 

also set to P. 

c. Location of tne Spare: Tne l^icropolis aas a 

sector sparing ca- ability. If a cad sector is t'ouna during' 

initialization, tne spare can be written in tne bad sectors 

place. Until a bad sector is noted, tnis value is 24. Tnis 

will write tne spare sector at tne end or tne tracs (sectors 

3-23 are tne only ores accessible by CP/.^). 

d. Dis» Head Number: Respond witn tne aesired 

nead number from tne list given above. 

e. Starting Traci: Tne "icropolis nas 560 total 

tracKS per nead, numbered from V to 579. Enter tre desired 

starting tracK number. 

f. Ending Tract: Enter tne tesired endin? trace 

number.  Tne selected command will be executed on ail traces 

lee 

.....I.  . . • . 



I ' J.» » >    -  •.-•-«-•-•-.-.-:-.— - -•:-- -•.••: • - - 

Detween tne startin.? numoer and endin«r number.?*« forxat 

commands only require tue last four entries from tne list 

aDove wltfi tne same conditions. All format or initialize 

commands snould oe followed witn tne corresponding verify 

format/verify initialization command. Tnese require tne 

same entries as for tne original command and ensure tnat tne 

llstE function selected nas oeen properly carried out. 
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APPENPIX § 

PROGRAM LISTING OF MICMAINT,kS6 

Program 
Date 
Written 
For 
Aiviso r 
Purpose 

Name  : PICM&INT.A.96 
9  April 19fc3 

by   : Parx L. Perry 
Thesis   (AEGIS  Modeling Group' 
Professor Cotton 
Tnis   routine  enables   tne  initialization 
ana  formatting  functions   to   be   carried  out 
for tne  Micropolis DISK.     It   is   ;ompieteiy 
menu-lriven  and  explanatory   ir  nature. 

fiOÜATÜS TABLE 

csee 
org 100n 

cr 
If 
wip 
be 

MISCELLANEOUS EQUATES 

equ Win 
equ 0an 
equ Ian 
eau ? 

porte 
porta 
port b 
portc 
mode 2 0  out 

EQUATES   FOR   S255  PIO 

equ 0cen 
eou 0c8n 
equ iican 
equ 0ccn 
eau ec0h 

;command   port 
» bi-iire?tional 
»output   port 
»"control/status 
»mode  for   fcübb 

bios 
blos_Z 
bdos  1 
bdos~9 
tdos~10 

BDOS FUNCTION EQUATES 

equ 
equ 
equ 
equ 
equ 

224 
0 
1 
y 

10 

»bdos interrupt 
;ret to ~cp 
»cnar input 
»odos string output 
> bdos buffer input 

MICROPOLIS EQUATES 

rstrb on equ 00001010b 
rstro off equ 000000100 
wstrb_on equ 00000110C 

Jread signal 
»read signal off 
;write signal 
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wstrb off eau 
mic stat eau 
mic cmd equ 
mlc data equ 
strb on equ 
strb off eau 
acK on equ 
3CK Off equ 
en sei equ 
stndra" equ 
irdy_mas!£ eau 
ordy_masff equ 
busy_mas£ eau 
rnasx equ 
attn masfc equ 
dreq_masK equ 
initial cmd equ 
verify_CT,d equ 
init ver cmd equ 

format_cmd 
ver_form_cmd 
» 
; ^ain 
» 

main: 

main  1 

mam  2 

equ 
equ 

00000010D 
00000000b 
000000000 

000000100 
00000011b 
00000100b 
000001010 
00020010b 
P0010110D 
00000001b 
00000010C 
00010000b 
10100000b 
10000000b 
00100000b 
11010001b 
11010101b 
11011001b 

01000111b 
010000110 

s end: 

Program 

call mic_init 

mov cl,bdos_9 
mov dx,offset menu_l 
int bdos 
mov ci,blos_l 
int bdos 
mov an,0n 
emp ai,'0' 
Jb main_l 
emp al, '5' 
jbe main_2 
mov cl,bdos_9 
mov dx,offset err_l 
int odos 
jmp main 
sub ai,30n 
mov cmd_type,al 
add ai,ai 
mov  ox,offset   jmp_taoi. 
add   üx,ax 
mov  ex, [bxj 
jmp  ex 

mov   cifbdos_9 
mov  ix,offset   end  TS^ 

write  signal  off 
status   signal 
command   signal 
data  signal 
input   later,  sigrai 
la ten signal  off 
output   signal 
output   sienal   off 
select  enable 
normal   reset 
input   ready 
output   ready 
busy 
attn  or  dreq 
attn  only 
dreq  only 
initialize  cmd 
verify cmd 
initialize  and 
verify  cmd 
formatting emd 
verify  the   format 

Jinitialize  disJE 

JoutDUt  first  menu 

i?et  user   option 
»"clear an 
Jvaiid  entry? 

; output  error  mse 

»and  start   over 
; ad just   to   binary 
Jstore   command 
»aaj   for   tbi  entry 

ljget   jump  vector 

;ana   jump   to   loc 

»end   of   session 
»msg 
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a 

i 

lescr: 

lescr l: 

in  ver  dsic: 

fir, ver asic: 

f rr_ver_dsi_l 
main  3: 

M 

tnt odos 
sti 
mov ci,baos  0 
mov di,t?en 
lnt odos 

mov al,0 
mov  DX*offset  jnp_taoi 
mov  dx, [DXJ 
mov  cl,odos_9 
pusn  ax 
PUSG    DX 
lnt   odos 
mov  ci,Bdos_l 
lnt   Ddos 
pop ox 
pop ax 
inc al 
cmp ai,'? 
je main 
add   ox,02 
jmp descr_l 

call   loe_sec0_num 
call   sKw_num 
call   spar_loc 

call  nead_num 
mov  ci,DOos_9 
mov dx,offset  ms?_b 
lnt   Ddos 
call   tr£_num 
mov   Deg_tr£_num,dx 
mov  cl ,bios_y 
mov dx,offset  ms?_b' 
lnt   cdos 
call   tric_num 
cmp dx,oes_trK_num 
jae  fm_ver_ds£_l 
xcng  ax, oeg_tric_num 
mov  end   tr^'nuti ,dx 

Jre-er.aoie   ir.t 
,'returr.   to  ccp 

»'initialize  count 
_2f0utput  aescription 

»'save   tne   registers 

Jwait  on  user 

»restore   tne   ress 

»'test for eni  of 
»"description 
»if end start over 
»else get next msg 
»ana output it 

mcv cl,Dios_9 
mov dx,offset 
lnt odos 
mov ci,0dcs_l 
int Ddos 
mov an,02n 
cmp al, '0' 
jo main_4: 
c-np ai, 4' 

menu   'd 

;<?et   logical  sec K 
»get  sicew  factor 
»get  loc  of  spare 

get   disic  ceai  num 
output  prompt 
for   oesinnin? 
tracsc numoer 
set  it 
store  it 
output  prompt 
for end ins 
tracK numoer 
get   it 

»output  second  menu 

Jget  user  option 

»'clear  an 
; valid   er try? 

i 
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1 
main 4: 

main 5: 

rev_ent 

cag_er.t 

e cmmd: 

PI 

1 
e cmmd l: 

e cmml 2. 

e_cmmd_2a: 
e cmmd 2b: 

N 
e cmml 2c: 

»output error ms* 

fand start again 
Jaajust to binary 
Jalj for tbl entry 

jbe main_b 
mov oifcios_9 
mov dx.offset  err_l 
int   bdos 
jmp main_3 
sub ai,30Q 
add ai,al 
mov   bx,offset   jmp_tabi_3;get   jump  vector 
add  bx,ax 
mov ex, Ibx] 
jmp  ex 

call rev 
jmp main_3 

call eft* 
jmp main_3 

mov 
mov 
int 
mov 
int 
emp 
jz e_ 
emp a 
jz e_ 
jmp m 
emp c 
Ja  e_ 
call 
Jmp e 
call 
mov  c 
mcv d 
into 
call 
call 
test 
jz  e_ 
test 
jnz  e 
mov  a 
call 
jmp e 
call 
call 
call 
emp a 
jr.z   c 
lac  b 

i,bdos_9 
x»offset   warn 
los 
1, bdosjL 
dos 
it y 
emmd  1 
i.-r 
cmmd_l 
ain 
md_type,2 
cmmd_2 
mic_convl 
_cmmd_3 
mic_conv2 
l, bdos_9 
x,offset  msg_y 
dos 
mic_send 
mic~status 
al,masK 
cmmi_2o 
al ,attn_masK 
_cmmd_2c 
I,0e5n 
mic_data_out 
_cmmd_2b 
mic_busy 
mic_irly 
mic_data in 
l,20n 
mma_err 
es trx num 

Joutput tne review 
»second menu again 

Jeet tne cnange 
Jsecor.i mer.u again 

;outDUt warning 

»set response 

Jstart over 
»cnecs for command 

Jprepare  parameters 

Joutput messaee 

;send parameters 
iattr cr ~req? 

»attc? 

»must te drey 
;seni E5a 

»wait on cntrl 

»eet   term   byte 
»'success? 
»no,   tnen  error 
»any   traces   left? 

- 

I 

M 
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e  cmmd  3: 

e  cmmd  3a: 

e  cm-net  3b: 

cmmd  err: 

Subro 
Entry 

Exit 
Heels 
Suoro 

utin 
con 

coni 
ters 
utin 

m 
c 

J 

m 
m 
j 
m 
m 
1 
n 

c 
c 
r 

C 

j 
i 
71 

c 
J 
m 
m 
j 
m 
m 
i 
j 
m 
c 

j 
a* ****** 

e:   proc 
di tlons 

ltions: 
altere 

es   call 

ov dx , ce£_tric_num 
mp dx,end_tr<_num 
a  e  cmmd  3d 

ov  parm2fdl 
ov parrr3,dn 
Tip e_cmmd_2a 
ov  cl,bdos_9 
ov  dx,offset 
nt  odos 
all  mic_send 
all  x i c _ bu s y 
all   mic~irdy 
all   mlc3data_ 
mp ai ,0 
nz   cmmd_err 
nc   se£_trK 
ov dx,beg_ 
mp dx ,end_ 
a   e_cmmd_3 
ov  parm2,d 
ov  parm3,d 
mp e_cmmd_ 
ov  ci, bdos 
ov  dx.offs 
nt   bios 
mp main 
ov err_cod 
all   proc_e 
mp main 
********** 
_err 
:   an  error 

of a  com 
'proc_err 

d:   none 
ed:   save , r 

mic   ir 

r.se  IK: 

in 

_num 
tr£_num 
tric_num 
b 
1 
n 
3a 
_9 
et   msg_ 11 

Description: 
T 

tne details of a 
liSK controller. 

e.al 
rr 

******* 

nas oc 
mana on 
_tabi' 

estor,D 

dy ,mic_ 

jfinisned n=re 
Jso start over 
Jadjust  parn-s 

Joutput  message 

;sen 
;wai 

»eet 
»sue 
;   no 
»mor 

»aaj 
»and 

; out 
Jmes 

; äna 
i'sav 
ipro 
;sta 

********** 

curred  in 
tne a i sK 

aas   oeen u 

in_dec,dec- 
data  m 

ü   first   parms 
t   for  cntrl 

term  status 
cessfui? 
w  error 
e  tracjes? 

ust pärm2 
parm3 

put  success 
sage 

start over 
e error 
cess it 
rt over 

tne execution 

pi a t e a 

asc.mic cusv. 

nis routine provides as con 
n error condition as issued 

sole output 
cy tne 

prcc_err: 

proc_err_l 

call   save 
mov   bi ,0 
call   mlc_ousy 
call   mic_irdy 
call  mic_data_m 
inc   bi 
cmn  bi,b 

;save  all   reeibters 
»set  up counter 
Jwait   or.   cntrl 

;^et   cux   status 

»is  it  ötn one? 
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proc_err_2 

je proc_err_2 
jmp proc_err_i 
mov dl.al 
"lov in,win 
call Din_dec 
call iec_asc 
mov asc_sec,dl 
TOV asc_sec_l, bn 
mov asc_sec_2,bi 
mov dl,neal 
mov dn,fc'0n 
call Din_dec 
call iec_asc 
mov asc_dx_üead fdl 
mov asc_dt_nead_l, 
mov asc_dic_aead_2, 
mov dx,De*~trfc_num 
call Din_iec 
call cec_asc 
mov asc_trK,dl 
nov asc_trs_l,bn 
mov asc_trir_2, bl 
nov dl,err_code 
mov dn,£2n 
call Bln_dec 
call dec asc 

en 
01 

mov 
mov 
mov 
mov 
mcv 
int 
mov 
mcv 
add 
mov 
add 
mov 
mov 
let 
mov 
mov 
int 
•^ov 
Int 
call 

c,dl 
cl.cn 

asc_err 
asc_err_ 
asc_err_c_2,ci 
cl ,bdos_9 
di,offset   proc 
OlOS 
an , K0n 
a 1 ,cmd_type 
al ,al 
bx,offset   jnp_ 
bx,ax 
Ix, I exj 
ci, cios_y 
bdos 
cl ,bdos_9 
dx .offset 
bdos 
cl, baos_l 
Ddos 
res tor 

iput  sector  ia  H 
»"clear  in 
Jconvert   it 

»* s t o re   it 

iget  r.eäd   number 
; clear  ia 
»convert   it 

;store   it 

;?et   trac*c  numfce: 
»convert   it 

;store   it 

;?et  error  cole 
»clear  an 
»"convert   it 

store   it 

»"output end type 
errtabl 

»"clear an 

Jadjust for table 
taci 4»g e t jump vector 

»output it 

Jrest or table 
procerrtabil 

»wait on user 
»to reao. it 
»"restore registers 

iSuorou 
»Entry 
»Exit c 

ret 
a* * Xf m fXf f *f f V V f JJi Xf Jit Jft Xf 7f Xf Xf Xf Xf Xf Xf Xf Xf If 

tine: mic_busy 
conditions: none 
onditions: dis.t controller 

Xf if Xf Xf * Xf if if Xf s* v Xf Xf XfXfXf xfff :? f "• f =f Xf V 

nas issued  not ousy 
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sier.al 
Registers altered: none 
Subroutines called: mic_status 
Description: 

Tne executing program will wait nere 
until the dlslr controller issues tne 'not busy' signal. 

mic^busy: 

iric_Dusy_l: 
»save  ax 
Jeet  status 
; ousy? 

pusn ax 
call mic_status 
test ai,busy_masK 
jz mic_busy_l 
pop ax" 
ret 

Subroutine:  mic_iriy 
Entry conditions! none 
Exit conditions: disfc controller aas issued 'iray' 

sisnal 
Registers altered: none 
Subroutines called: mic_status 
Description: 

Tne execution of tne prorran will 
wait nere until 'irdy' is issuea oy tne controller. 

mic_irdy: 

r*ic_irdy_l: 
Jsave ax 
;?et status 
»ready? 

pusn  ax 
call  mic_status 
test   al ,irdy_nasK 
Jz  !nic_irly_r 
pop ax", ;restore  a x 
ret »reaay now 

Subroutine:   mic_ordy 
Entry  conditions:   none 
Exit conditions:  disk controller nas   issued  tne   'criy' 

signal 
Registers altered:  none 
Subroutines   called:  mic_status 
Description: 

Tne execution  of  tne  program will  wait 
nere  until   'ordy'  is   issued   by  tne controller. 

mic_ordy: 

mic_ordy_l: 
pusn  ax 
call  mie_status 
test  ai ,ördy_mösJc 
Jz   mic_ordy_l 
pop ax~ 
ret 

Jsave ax 
»ret status 
»• reaay? 
»not yet 

• wfW^fi WJi«V« W WV WW^» WV^WW W WV WV WVWV W W WVWWWWW 
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Subroutine:  -nic_send 
Entry conditions:   parameters  are  calculated and   in 

tfis   byte   variables 
Exit conditions:   parameters  and command  nave   been  sent 
Registers  alteren:  none 
Subroutines  called:   save»restor,mic_busy,mic_ordy, 

mic_irdy,mlc_cmd_out,mic~data_out 
Description: 

Tne  command   byte,   six  parameter  bytes 
and   tne go   byte  found   in  tne  data  area  are   sent   to 
tne disir  controller. 

mic  send: 

mic  send  l: 

9999****9*«* 

Subroutine: 
Entry  condit 

Exit coniiti 
Registers al 
Subroutines 
Description: 

Tne c 
is  sent  to  t 

mic cmd out: 

ca 
ca 
ca 
ca 
mo 
mo 
ca 
ca 
mo 
ca 
in 
in 
cm 
jb 
ca 
re 

mic_c 
ions: 

ons: 
tered 
caile 

,'save registers 
»wait for rntrl 

11  save 
11  mic_ousy 
11  mic~ordy 
11  mic_cmi_out 
v   ox,offset  parml 
v di,0 
11 mic_ousy 
11  mic_ordy 
v  al, [DXJ 
11   mic_data_out 
c   bx 
c  dl 
p 11»7 
mic_send_l 

11  restor 
t 
999999 * 99 ** *99******* «9* V« 9* 999999 9999999 

md_out 
'ordy'  sianai   nas   Deen  issued   by  tne 
disic controller and   'cmd_Cyte' 
contains   tne  command   to   ce   ser.t. 

none 
:   none 
d:   none 

•send  out   cmd 
jsend  parameters 
»"counter 
»wait  for  cntn 

Iget parn 
jsend it 

JdoneY 

»restore registers 

ommand in tne oyte variable  cmd. 
ne dist controller. 

byte 

pusn ax 
mov al,cmd_byte 
out porta,ai 
mcv al,mic_cmd 
out porte.al 
mov ai,acK_on 
out porte.al 
mov al,wstro_on 
out porto.ai 

»save  ax 

;to   bi-directional 
»enable  cmd   line 

»activate output 
;Duffer 
»pulse tne write 
»strobe 

lfe-9 
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»de-activate 
»output   Buff 

tr.e 

mov al ,wstrb_off 
out portb.ai 
mov ai,acff_off 
out porte.al 
pop ax 
ret 

Subroutine: mic_data_in 
Entry conditions: 'lrdy' signal nas oeen issued 

disK controller 
Exit conditions: al contains data cyte 
Registers altered: al 
Suoroutines called: none 
Description: 

A byte of data is input fron tr.e 
disK unit. 

cy t&e 

Yicropolis 

nie data in: 
»enable tr.e dati 

tne reac 

tne data 

»turn off tne 
Jread signal 
; bring in data 

Subrouti 
Entry co 

Exit con 
Register 
Subrouti 
Descript 

ne: 
ndit 

iiti 
s ai 
nes 
ion: 

disfc unit. 

mic data out 

mov al.mic_data 
out porte.ai 
mov al,rstrb_cn »turn 
out portb.ai »on 
mov al,strb_on »'latcn 
out porte.ai 
mov al.strb_off 
out porte,aI 
mov al,rstrb_off 
out portb.ai 
in al.porta 
ret 

mic_iata_out 
ions: 'ordy' signal ftas oeen issued by tne 

disic controller and al contains value 
to be sent, 

ons: none 
tered: none 
called: none 

I byte of data is output to tne yicropolis 

pusn ax 
out porta.al 
mov ai,mic_data 
out porte.ai 
mov ai,acK_oa 
out porte.ai 
mov ai,wstrb_on 
out portb.ai 

Jsave ax 
,'to oi-dire~tional 
»enacle data line 

»activate output 
» buffer 
Ipuise tne write 
;stroce 
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mov ai,wstrb_off 
out portb,al~ 
mov ai,acK_off »"de-activate 
out porte,äi »output buffer 
pop a.T »restore value 
ret 

»Subroutine:  mic_cor.vl 
jEntry  conditions:   none 
;Sxit coniitions:   parameters  are set  for disic use 
»Registers  altered:  none 
»"Subroutines   called:   save,restor 
»•Description: 
> This  subroutine  prepares   tne  parameters 
»required   by  tne  Micropolis  lisle drive  for verify  or 
»initialization commands. 
• 
> 
mic_convl: 

call  save Jsave  tne  registers 
mov  al»cmd_type »cnecic for  coxmaad 
emp &l,i} »'initialize? j 
jz  mic_convl_l 
emp alTl »verify? 
jz  mic_convl_2 
mov  cmd_oyte,init_ver_cmd   »initializp 
jmp mic_convl_3 »and  verify 

mic_convl_l: mov  cmd_byte,initiai_cma,'i t   was  initialize 
Jmp mic_convi_5 »only I 

mic_convl_2: mov  cmd_byte,verify_cmd   ;it  was  verify 
mic_convl_3: mov  al.nead »'prepare  nead  EUTJ 

mov  c1,4 
sal ai ,cl 
mov  parml,al 
mov di,ce*_tr£_num »set  up  parameter 
mov  parm2,dl »2 and  3 
mov  parmi5,ih 
mov  ai,iog_sece »"set  up  parameter 
mov  parm4,ai ;4 
mov al,sKw_fac »'set  up  parameter 
mov  parmb,al it 
mov  al.spar Jset  up parameter 
mov  parmt,al »6 
mov  a;o_byte,0 ;set   up  eo   byte 
call   restor »restore   registers 
ret 

»•Subroutine:   mic_conv2 
»'Entry conditions:   none 
JSxit  conditions:   parameters   are  set   for disic 
»•Registers  altered:   none 
»Subroutines   called:   save,restor , 
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•Description: 

;tne Micro 
»commands. 

THIS   subroutine  prepares   t.ne  parameters 
ooiis  disff drive  for  format  and  verify  format 

'or 

mic ccnv2: 

mic_con v2. 
mic conv2 

1; 
2: 

call  save Jsave  tr.e   ree-s 
mov aifcmd_type 
cmp a 1,3 ;format? 
Jz   mic_conv2_l 
mov  cmd_byte,ver_form_cma;must   be   verify 
jmp nic_conv2_2 
mov  cmd~0yte,rormat_cmd 
mov  ai,nead »set   parameter   1 

»adjust  position 

;set  parameter l 
»and  2 

•starting sector 
»"process 24 
Jnot used 

»"restore registers 

Subroutin 
Entry con 
Sxit cond 
Registers 
Sucrcutin 
Descripti 

^icropoll 
If tne re 
tne user 

mic init: 

mov cX»4 
sal al,cl 
mov parml ,al 
mov dx,beg_trx_num 
mov parm2,il 
mov parm3,dn 
mov parm4,0 
mov parmb,24 
nov parm5,0 
mov go_byte,0 
call restor 
ret 

e:   mic_init 
ditions:  none 
itions:   dist nas   been  initialized 
altered:  ax,ex 

es   called:  mic_status 
on: 

Tnis  subroutine  resets  ana  initializes   tne 
s  dist drive  and   tne  8255 parallel   i/o  port, 
set  attempt   fails,   tne  proerar  is   aborted  am 
is   returned   to   tne operating  system. 

mic init l: 

cli 

mov 
out 
mov 
out 
mov 
out 
mov 
out 
mov 
mov 

al ,mode__2_e 
porte,al 
al ,ac£_off 
porte.al 
ai ,strb_off 
porte,al 
a 1 • e n _s e l 
portD,al 
ex,10 
ax,27777 

out 

disable   mcs.<aDl2 
interrupts 
initialize   to  mode 
0  a no   2 
insure  acicnowleige 
is  off 
insure   strobe 
is  off 
set select and 
enable 
wait   1  second 
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mic  inlt 2 dec 
Jnz 
nee 
jnz 

ax 
nic_ 
ex 
mic 

mil 2 

inlt  1 
ieet   tne  status 

»tnen return 
Joutput error 

micrst  errJressa^e 

Jand 
lo /s 

return  tc 

mic_ir.it_3: 

Subroutine: 
Entry Condi 
Exit Condit 
Resisters a 
Subroutines 
Description 

Tni 
value  of   to 

call   mic_status 
emp ai .stndrd 
Jz  üiic_init_3 
mov  cl,bdos_9 
mov dx,offset 
lnt   Ddos 
mov cl,00 
mov dl.efe: 
lnt   bdos 
ret 

mlc_status 
tions:   none 
ions:   ai   contains  status  of  lisK 
ltered:  al 
called:   none 

• 
s  subroutine  reads  and  returns  tne  current 
e Micropoiis  distc  controller's  status  port. 

Jenabie  stat   line 

»turn  on   read 

»latea   tne  status 

»turn  off   real 

»Drin*  in  status 

mic_status: 
mov ai,mic_stat 
out porte,al 
mov al,rstro_on 
out portb,al~ 
mov al,stro_on 
out porte.al 
mov al,strb_off 
out pcrte.al 
mov al ,rs tro_ot'f 
out porto,al~ 
in al»porta 
ret 

Subroutine: en* 
Entry conditions: none 
Exit conditions: desired value is cnanged to new value 
Registers altered: none 
Subroutines called: save ,restor,iog_sectf_sum»sKw_num, 

spar_loc,neaa_num,trt_num 
Description: 

Tnis subroutine allows tne user to cnange 
a value tnat nas been previously specified by a call to 
tne appropriate routine. 

eng: 
:all   save »save  registers 
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ehe  1 

en* 2: 

en a- 3 

:n? 4; 

cng_5: 

cng_6: 

cng_7: 

eagjSi 

cng_9: 

dUr_10: 

cag_ll: 

cnp cmd_type,2 
ja cng_4 
mov cl,Ddos_9 
mov dx,offset nenu_3 
int odos 
mov el,odos_l 
lnt bdos 
mov an,0n 
emp al, '2 ' 
j D cng_2 
emp ai , '5 ' 
joe cne_3 
mov cl,bdos_9 
mov dx,offset  err_l 
int   bios 
jmp cng_l 
SUB a 1,30ft 
add al,al 
mov  DX,offset   jmp_tabl. 
add  Dx.ax 
mov ex, [bxj 
jmp ex 
mov  cl,Ddos_9 
mov dx,offset nenu_4: 
int  Pdos 
mov  el ,Ddos_l 
int   Ddos 
mov an,0nx 
emp ai,'0' 
jb cne 5 
emp ai7'2' 
joe cn?_t> 
mov ci,bdos_9 
mov dx,offset  err_l 
int   bios 
jnp cng_4 
SUD ai,30a 
add al.ai 
mov   bx,offset   jmp_taDi_ 
add   Dx,ax 
mov  ex,[DXJ 

j*p ex 
call   Iog_sec0_num 
jmp cne_l3 
caii   sKw_nurn 
Jmp efte_13 
call   spär_ioc 
Jmp cftg_13 
call   -head_num 
J Tip cne_13 
mov  ci,bdos_9 

;two  diff  opts 
»"depending  on  cm: 
»output  rrenu 

'feei user  option 

»clear an 
Jvalid entry? 

»output error 

»and start over 
Jconvert to Dinary 
Jaajust for table 

*;get jump vector 

»"output menu 

»set option 

Jciear an 
Jvalid entry? 

»output error 

»convert to binary 
»'adjust for tibia 

öjget jump vector 

?get new logical 
Jsector number 
»get new sicew 
»factor 
»get new spare 
»location 
ieel  new nead 
»"number 
»"get new beginning 
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mse   5 JtracK number 

cn*_lla 

cng_12: Jget  new  er.aing 
»trace  number 

cn^_12a 
crip  13: 

SuOTOU 
Entry 
Exit c 
Regist 
Suorou 
Descri 

comple 
return 

rev: 

tine: 
conli 
ondit 
ers a 
tines 
ption 
Tnis 

te ta 
s  to 

mov dx,offset 
let   fcdos 
call   tr£_num 
emp dx,end_trK_num 
j ce  cng_lla 
xeng  dx,end_trlt_num 
mov   bee_trx~num,dx 
jmp cng~13 
mov  ci,bdos_9 
mov dx,offset  mse_t> 
int bdos 
caii tr*_num 
emp dx,Deff_tr>c_nurT' 
jae cng_12a 
xcag dx, beg_trx_num 
mov end_trff_num,dx 
caii restor" 
ret 

rev 
tions: none 
ions: none 
itered: none 
called: save.restor,bin_dec,dec_asc 

• 
subroutine  prints  out  at   tne  console  a 

bulation  of  user  supplied   input  and 
tne  calling program. 

»restore  registers 

call   save 
mov dn,00n 
mov di .io^sece 
call   oin_dec 
call  dec_asc 
mov  asc_log_sec0,dl 
mov asc~log~secfe?_l,on 
mov asc~iog_sec0_2,bi 
mov dn,00n 
mov  di,sicw_fac 
call bin_dec 
call dec_asc 
mov asc  SKV  fac.dl 

• 
mov  asc_sKw_fac_l,bn 
mov  asc_SKw_fac_2, bl 
mov dn.eüJn 

i mov  dl.spar 
i  • call   bin  dec 
'/ « call  dec  asc 

mcv  asc_spar,ai 
i , • 

mov asc_spar_l,bn 
•   ' • 
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»"save ail regs 
Jconvert logical 
»'sector to asc 

;store it 

jconvert stew 
ifactor to asc 

»'store it 

Jconvert location 
Jof spare to asc 

»* s t o re it 
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,w 

1 
, Du 
.01 

num 

mov  asc_spar_2 
mcv iöf?0a 
mov di,nead 
call   bin_dec 
call  dsc_asc 
mov asc_nead,d 
mcv asc_nead_i 
mov asc_nead_2 
mov dx,beg_tr£ 
call   bin_dec 
call  dec_asc 
mov a«c_oe<?_tr 
mov  asc~beg_tr 
mov asc~De«_tr 
mov  dx,end_trK 
call   öin_dec 
call  dec_asc 
mov asc_end_tr 
mov  asc_end_tr 
mov asc_end_tr 
mov  cl,bdos_y 
mov dx,offsei 
int   odos 
mov an,<£ 
mov  al,cmd_type 
add al,al 
mov   ex,offset  Jmp_ 
add   bx,ax 
mov dx, [bxj 
mov  cl,bdos_9 
Int  bdos 
mov  cl,bdos_9 
emp cmd_type,2 
Ja   rev  1 

;convert  üSä 
jnead   to   ase 

;store  it 

»convert beginning 
; tr« to asc 

2,dl 
E_l, 
ff_2, 
num 

K,dl 
£_1. 
K 2, 

bü 
Pl 

bo 
01 

rev tabl 

; store it 

?convert ending 
; trie to asc 

»store it 

»output command 
;type 

Jciear an 

Jadjust  for   table 
taei_4»ge?   jump  vector 

»output conrand 
; name 
; out put tne 
;entire table now 

rev_l: 

rev_2: 

»"Subroutine: 
»Entry condi 
;£xlt condit 

dx »offset 
bdos 
rev_2 
dx, offset 
bdos 
cl,bdos_l 
Ddos 
res tor 

rev   tabl   l 

rev   tabl  2 

jReeist 
»Subrou 
;Descri 

ers a 
tines 
ption 

mov 
int 
J^P 
mov 
int 
mov 
int 
call 
ret 

spar_loc 
tions: none^ 
ions: 'spar' conta: 

of spare s?< 
ltered: none 
called: save,restor,con in,asc dec,dec ein 

.ins 
'Ctor 

Jwait on user to 
Jread it 
»'restore registers 

value for location 
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Tne user Is prompts! for tne location of ttte span 
sector. Tne valid range is Z   to 255.  A nuncer outsiie 
of tnis range results in an error message and anotfier 
prompt.  Tne valid number is converted to binary ana 
stored in tne byte variaoie 'spar'. 

» 

spar_ 

spar_ 

ioc: 

loc 1: 
Jsave  all   registers 
»output  prompt 

Jeer   response 
»convert   it 

;?K  for   ran*e 

Joutput error msg 

spar_loc_2: 

SUD 
Entr 
Exit 
Reel 
Suor 
Desc 

vali 
erro 
is  c 

outl 
y co 

con 
ster 
outi 
ript 

T 
d ra 
r Tie 
onve 

ne: 
ndi t 
diti 
s ai 
nes 
ion» 
ne u 
n*e 
ssae 
rted 

call  save 
mov  cl,0dos_9 
mov dx,offset  msg_7 
int   bdos 
call  con_in 
call  asc_dec 
call  aec_oin 
cmp ix,255 
jbe  spar_ioc_2 
mov  ci,bdos_y 
rrov dx,offset   err_2 
int   bdos 
jmp spar_loc_l 
mov  spar,dl 
call  restor 
ret 

trfc_num 
ions:   none 
ons:   dx  contains   a   tracK  number 
tered:  dx 
called:   savs,restor,con_in ,asc_iec ,aec_r. in 

ser  is  prompted  for a   trade number.     Tne 
is  0   to  579.     Invalid  input   results   in  an 
e  and  anotner prompt.     Tne  valid  number 

to   binary and  returned  in  dx. 

> 

»start over 
;store ia 'spar' 
»"restore register? 

»• 

trK_num: 

trs num 1 

trie num 2: 

call save 
mov cl,bdos_9 
mov dx, offset msg_4 
int bdos 
call con_in 
call asc_aec 
call dec_bin 
emp dx,579 
jte trK_num_2 
mov cl,baos_9 
mov dx,offset err_2 
int   bdos 
Jmp  trK_num_l 
mov  temp_ticTdx 
call restor 

Jsave all regs 
;out put prompt 

?set response 
; convert it 

,"CK for ranse 

»output error msg 

»start over 
»save trie number 
»restore tne re?s 

>; 

u 
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mov dx,temp_ti£ »restore  ax 
ret 

Subroutine:   siv_num 
Entry conditions:   none 
Exit  conditions:   'stfw_fac'  contains  sector sxew 

factor 
Registers  altered:  none 
Subroutines  called:   save,restor,con_in,asc_dec,aec_bin 
Description: 

Tne user is prompted for a sector stew factor. 
Tne valid range is V to 23. A number outside cf tnis 
ranee results in an error message and anotner prompt. 
Tne valid number is converted t^ binary ana stored in 
tne  byte  variable   'sicw_fac'. 

SKw_num; 

SKW num 1: 

SKW  num  2 

«»CJXJJUJ!»! 

Subrou 
Entry 
Exit  c 

Resist 
Subrou 
Descri 

of log 
23.     T 
it  is 
event. 
in  tne 

tine: 
condi 
oniit 

ers  a 
tines 
ption 
Tne 

ical 
ne  in 
invai 

Tne 
byte 

c 
T 
Tl 

i 

c 
c 

j 
m 
m 
i 
J 
m 
c 
r 

***** 

loe_ 
tions 
ions: 

itere 
call 

• 

user 
secto 
put i 
id. 
vali 
vari 

all 
ov 
ov 
nt 
all 
ail 
all 
mv 
be 
ov 
ov 
nt 
mp 
ov 
all 
et 
WJJC 

sec 
:   n 

'1 
s 

d: 
ed: 

save 
cl.odos  9 
dx,offset  msg_3 
bdos 
con_in 
asc_aec 
aec   bin 

dx,23 
SKw_num_2 
ci,baos~9 
ix,offset  err_2 
baos 
sKw_num_i 
sKw~fac7di 
res tor 

Jsave 
; o u t pu 

»eet  r 
fconve 

JCK fo 

;outpu 

; start 
»'store 
Jresto 

an regs 
t prompt 

espor.se 
rt' it 

r ranee 

t error msg 

over 
in "sKv_fac 

re tne rees 

*********************** W***:x*;;<c^*??{^*^x 

0_num 
one 
og_sec0' contains address of logical 
ector 0 
none 
save,res tor,con_in ,asc a e c , a ° c ein 

is prompted to input tne pnys 
r tf. Tnis number can oe in t 
s cnecKed and an error messae 
Tne user is also prompted aga 
1 number is converted to olna 
a ble 'loe sec?' 

icai aadres* 
ne ranee 0 tc 
e results if 
ir. in tnis 
ry and s torea 

log_~,ec0_num: 
call save 

log_sec0_num_l: mov cl,bdos_y 
»save all rees 
»output prompt 

US 



f_ I p 

»get response 
»cor.vert it 

»cK for range 

»output  error m s g 

;st  in   'icg_seciJ' 
»restore   rees 

mov  dx,offset  ms*_2 
int   DOos 
call   con_in 
call   asc_dec 
caii dec~bin 
cmp dx,23 
Jbe  log_sec0_num_2 
mov  ci,bdos_9 
mov dx,offset  err_2 
int   bdos 
jmp  iog_sectf_num_l 

log_sec0_num_2:   mov  iog_secSJ ,dl 
caii   restor 
ret 

head_num 
tlons:   none 
ions:   'nead'   contains  nead  number 
itered:   none 
called:   con_in,   asc_aec,   dec_Din,   save,   restor 

• 

prompted   to   input  a  nead  numoer  in  tne   ranse 
The  input   is  cneciced   ,if  an  invaiid   number  is 
error message  is  output  and  tne user  is  aeain 

r an entry.    Tne  valid  numDer  is  converted   to 
stored  in  tne   byte   variable   'dead'. 

• wwwwW* 

»Subroutine: 
»Entry  condi 
jExit  condit 
»Registers  A 
»Sutroutines 
»•Description 
JTfte user  is 
lot 0 to  4. 
»entered,   an 
»•prompted   fo 
Jblnary  and 

nead_num: 

nead  num  1: 
caii sav 
mov c i , D 
mov dx,o 
int odos 
caii con 
caii asc 
caii dec 
cmp dx,tf 
joe dead 
mcv cl,b 
mov dx,o 
int odos 
Jmp nead 
mov nead 
caii res 
ret 

Subroutine: con_in 
Entry conditions: none 
Exit conditions: dx con 

di* 
DX con 

dig 

nead num 2 

dos 9 
ff set 

_in 
_dec 
_om 
e24ft 
num_J 

dos_9 
ffset 

num_l 
Tdi 
tor 

msg 1 

err 

Jsave aii regs 
»output prompt 

Jset r°sponse 
»convert to üecinai 
»"convert to Dinary 
»rnecK for ran^e 

JoutDUt error mse- 

Jand start ever 
»store in 'nead' 
»"restore registers 

V * 9 « * * * sp qi 9 >* ? *e 9 *< 9 9:? >? * W V 9 7 X 9 >? V * 7 ? 9 3"? 

tains most si 
itb entered 
tains ieast s 
its entered 

gnificant ASCII 

ignificant ASCII 
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Reffist 
Subrou 
Deescr 

a line 
is per 
Only a 
alter 
a comn 
in  "CP 
Resear 
no  Sat 
is non 
for la 

ers a 
tines 
i p t i o 

of e 
mitte 

maxi 
tnis, 
lete 
/M-86 
ch. 
a ftas 
-nu me 
ta  as 

lte 
ca. 

n: 

dlt 
d  t 
mum 

tn 
des 

Op 
Two 

be 
ric 
ain 

red:   dx,bx 
lied:  save,restor 

UDOS function 10 is utilized to input 
ed data from tne console. SacKspacing 
nrougn   tbe use   of  Control-H   or  Cor.trol-X. 
of  3 characters  can   be  entered.     To 

e  value  of   'buffer'  must   be   cnanged.     i'or 
cription  of  BDOS   function 10,   see   pa<?e 29 
erating System System Guide"   by Digital 
error conditions are reported: (1) if 

en entered and (2) if tne data entered 
ai.     In eacn  case   tne  user  is   prompten 

con_in: 

con   in  1: 

con_in_2: 

con_in_3: 

con   in  4: 

con   in   5: 

con   in  ö: 

con   in   7: 

call   save 
mov cl,bdos_lv5 
nov dx,offset buffer 
mov buffer,3 
int bdos 
cmp num_cnars,Z 
jne con~in_3 
mov ci,bdos_9 
mov dx,offset err_in 
int bdos 
jmp con_in_l 
mov 11 ,nun_cnars 
mov bx,offset asc_idta_ 
mov al, [bxj 
cmp ii, e' 
Jb con_in 2 
cmp al, '9 
ja "on_in_iJ 
inc bx" 
l?c  11 
jz con_in_S 
jmp con_in_4 
mov ir,0 
nov bx.fc1 

cmp num_cnars,l 
jne con_in_b 
mov bl ,asc~lata_l 
jmp con_in_B 
cmp num_C;iars,2 
jne con_in_7 
•nov en ,asc_lata_i 
mov Dl ,asc_la ta_2 
jmp con_in~S 
mcv dl ,asc_la ta_l 
mov on,asc lata 2 

Jsave all ree-s 
jcdos console in 
Jinput buffer 
?max cnar count 

Jet for no cnars 

;console output 
»loc or err rss 

jcnecK eacn cnar 
1 »entered for 
;vaiid asc number 

»"get next number 
Jtest for last num 

unitialize  result 

;CK  for  1   cnar 

JcK  for  2  cnars 

Jmust   re  3   cnars 
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con   in   u: 
TIOV Di ,asc_data_3 
mov ms_data,ix 
mov ls_data,bx 
call restor 
mov dx,ms_data 
mov bx,is_data 
ret 

Isave result 

Jplace in ax 
Jand bx 

SuDrou 
Entry 

tine: 
condi 

ret 

3 c o      /4 an 

JitV V W *JS ^ S6 V M 

asc_dec 
tioni":dx 

bx 

Exit coalitions: dx 

Resist 
S uorou 
Descri 

contai 
Even i 
resist 
rignt 

ers a 
tines 
pticn 

significa 
co 
s 
cont 
and bx 

Itered: dx 
called 

contains ASCII representatio 
nt 2  digits of 4 H< lgniricant £ digits or a di 

ontains ASCII representatio 
ignificant 2 digits of 4 di 
ontains 4 die-it BCD  equival 
nH  hT 

C 0 f 
git r. 
n o* 
git n 
ent o 

most 
umber 
least 
umter 
i ix 

none 

n tne 
f tne 
ers a 
justl 

Upon  entry  to   tnis  subroutine  dx  and   bx must 
ASCII   representation   of  a  4 dieit   nunber. 
digit   to   be   converted   is   net  4  digits,   tnese 

re  converted  and   therefore   tne   number  must   be 
fled  witn   zero  fill. 

asc   lee : 

ase dec  i: 

asc  dec p • 

pusn 
pusa 
pusn 
pusn 
mov 
mov 
mov 
and 
mov 
mov 
and 
mov 
mov 
mov 
mov 
sni 
add 
mov 
emp 

mov 
mov 
mov 

mov 
SCI 

s 
D 
a 
a 
c 
ä 
a 

a 
a 

c 
a 

b 
as 

d 
b 
d 
a 
c 
i 

ax 
ex 
bp 
si 
i ,04>0f& 
p,0ln 
1,11 
x ,si 
l,al 
i ,dn 
x,sl 
n, a l 
x,£? 
l,cl 
1,4 
n,cl 
i,cn 
x,ax 
p,£fc5n 
c_dec_2 
iTdx 
p,0tfn 
x, tx 
sc   lee   3 
i,sten 
i,cl 

save registers 

;ini t iali ze mass 
Unitialize   on 
»get   first   cnar 

jsave res-Jit 
;get second cnar 

;save result 
»"clear ax 

; snift 
»result in al 
Jpiace in dx 
jcnecK for end 

Jmost sie-nif in li 

Jadj least sienif 
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;****** 

JSubrou 
»Entry 
»Exit c 
JP.egist 
JSubrou 
jDescri 
J 
»(BCD) 
jand pi 

aad dr.di »final   result 
pop si »restore  regs 
pop  dp 
pop  CT 
pop ax 
ret 

**************************************************** 

tine:dec_bin 
conditions:   dx  - Contains  4 dieit  BCD numDer 
onlitions:  dx - Contains   binary equivalent 
ers  Altered:  dx 
tines   called:   save,restor 
ption: 
Tnis  subroutine  converts  tne   binary coded  decimal 

number found  in dx into   its   binary equivalent 
aces  tne  result  in dx. 

dec   bin 

dec   bin  1 

dec   Din  2 

call   save 
mov Qifdx 
mov  si,£ 
mov   bp,030fc)n 
mov cl,0cn 
mov ax,cp 
mov  en,an 
snr dx.ci 
mov   ox ,dx 
and   Dx.eePfh 
mov  ax,i)an 
mul   bx 
mov   ox,ax 
dec  en 
jnz  lec_bin_2 
add si,bx 
sub  bp,fc?100n 

save  all   regs 
save  a  copy 
init   result 
power  of  14? 
init  snitt  fa 
move power of 
to en 
sttift   BCD num 
move  it   tc   bx 
mass off  tne 
multiply  fact 

»move   result   t 
jdec power  of 

;add  to  result 
»adjust  power 
»for next   loop 
»restore  numce 
Jadjust sMft 

j ****** 

JSubrou 
JEntry 
JSxit c 
JRe^ist 

mov dx,di 
sub ci.Zin 
jnz dec_oin_l 
mov dx,di 
and dx.eeefa 
aid si.dx 
mov Din_num,si 
call restor 
mov dx,oin_num 
ret 

*********************************************** 

tine:   bin_dec 
conditions:   dx   contains   binary  number  in  ran?e 
onditlons:   dx   contains   4- digit  BCD equivalent 
ers  altered:  ix 

Jrestore  numbe 
JmasK  off   last 
Jfinal   result 
J   result   'oin_ 

Jmove   result   t 

"tor 
Id 

ber 

byte 
or 

o   ox 
1<5 

Ot   Ik? 

count 

r 
byte 

num' 

o  dx 

>|W "TT* *fi 4p *i^ ni* 
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»Subroutines  caned:   save.restor 
»"Description: 

;entry to tni 
{"decimal equi 
»validity 01* 
;range e>-999 
» 

Din dec : 

Tfte Binary numoeT* found in register ax upon 
s routine is converted to its binary coded 
valent.  Note tnat no caeclcs are mace or. tr.s 
tne number out tnat any number outside or tne 
decimal will produce unpredictable results. 

bin dec 1 

bin aec 2: 

DX 
Dp 
an 
an 
cl 
dx 

bin dec 3: 

Dir. lee 4: 

bin dec 5: 

call s 
mcv di 
mov 
mov 
mcv 
mov 
mov 
and 
emp dx 
jnz Di 
inc ci 
emp ci 
Jz bin 
snl op 
mov dx 
jmp Di 
mov ai 
xlat t 
add ai 
daa 
mov an 
j D Din 
mov DX 
mov al 
xlat t 
add al 
daa 
mov 
mov 
Jc? 
mov 
add 
daa 
mov 

an 
DX 
bi 
ai 
ai 

an 
Di 

ave 
,dx 
»offset 
,0in 
s_ls,0n 
s_ms,0n 
fen 
» Dp 
,en 
n_dec_3 

,0an 
_dec 6 
,1 
,di 
n dec 1 
,cl 
aoie_l 
,anslis 

s ls,al 
_dec 5 
."offset 
,cl 
abie_2 
,ans~ms 

s ms ,ai 
.offset 
n_dec_'2 
,ans_ms 
tin 

s ms,al 
n~dec 4 

»save  an  registers 
Jsave   tne   number 

taoie_l       »"translate  table 
»initialize  mass 
»initialize   result 

Jinit   tbi   position 
»cnecs for  tit   set 

;update  tne  result 
»"update  position 
»test   last   cr.ee* 

»update   tne mas» 
»'restore   r.umcer 

»offset  trans  tDi 
;translate   numDer 
»update  itie  result 
»adjust   resuit   BCD 
;store  result 

tabie_2       Jpoint   to   table_2 

»translate nu-nter 

»"adjust   to   SCD 
»store  result 

taDie_l       Jrestcre   IX 

;add  l   to  ms   byte 

Jaajust result 
Jstcre result 

H Din_ A- C _6: mcv 
mov 
mov 

ax,0 
al.ans ms 
Cl,S 

»finalize result 
Jloaa snift count 

snl ax ,cl 
- mov <SX,i£ 

mov ci,ans_is 
t« • add ax,ex 
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4 

;save result 
»restor register? 
Jmove result tc ix 

Subroutin 
Entry con 
Exit ccni 

Registers 
Subroutln 
Descripti 

entry is 
in dx and 
lata in i 

mcv iec_num,ax 
caii restor 
mov ax,aec_num 
ret 

e: dec_asc 
ditions: dx contains 4 di^it BCl  number 
itions: dx contains most significant 2 aigits 

in ASCII code 
bx contains ieast significant 2 digits 

in ASCII code 
tered: dx.bx 
called:   none 

ai 
es 
on: 

con 
bx 

x. 

dec asc 

Tne 4 di?it BCD number found in dx upon 
verted to its ASCII enuivalent ana piacei 

No cnecK is made on tne validity of tne 

;save registers 

dec asc l: 

{"initialize flag 
;ai low nyoole 
,'bl nign nyccie 

{convert to ASCII 

{convert to ASCII 

pusn ax 
pusn ex 
pusn di 
pusn bp 
mcv Dp,01a 
mov al.dl 
mov Dl.di 
and aif0fn 
and Dl.e-fen 
aad alf3k)n 
TOV cl,4 
s a r D 1, c 1 
add bl,34)n 
mov cl,al 
mov cn,Dl 
emp Dp,4?45n 
je dec_asc_2 
mov opT^^n 
mov ai,cx 
mov a l, a n 
mov Dl,dn 
j-np dec_asc_l 
mov ax,ex 
!T)Ov bx,di 
pop Dp 
pop di 
pop ex 
pop ax 
ret 

tine: save 

»move 
»last 

result to ex 
conversion? 

;iow result to di 

dec asc 2 

restore registers 
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Entry conditions: none 
Exit conditions: ail  registers are pushed on the stacit 
Registers altered: none 
Suoroutines called: none 
Description: 

Tnis sucroutlne nusnes an of tne registers on 
stacir.  Note that tne call return is preserved. 

tne 

save: 
mov   temp_ax,ax 
pop ax 
mov  temp_staci,ax 
mov ax,temp_ax 
push  ds 
pusn  es 
pusn  ss 
pusn   Dp 
pusn si 
pusn  di 

ax 
ex 
ex 
dx 

Jsave  ax 
»pop  return address 
»save  call   return 
»restore ax 
Jpusfl all   registers 

pusn 
pusn 
pusn 
pusn 

Subrou 
Entry 
Exit c 
prior 
Fehlst 
Subrou 
Descri 

same c 

tine: 
condi 
ondit 
to th 
ers a 
tines 
ption 
Tnis 

ondit 

mov ax,temp_stacK »restore call return 
pusn ax 
ret 

restor 
tlons: stacK contains ail the resisters 
ions: registers are restored to tne condition 
e call to 'save' 
ltered: all except cs 
called: none 

subroutine  returns an   registers   to   tn< 
ion prior  to  tne  call   to   'save'. 

ir 

restor: 
pop ax »pop  return 
mov  temp_stactc,ax   »'save   the 
pop dx     ~ »pop  all 
pop  ex 
pop  bx 
pop ax 
pop di 
pop si 
pop  bp 
pop ss 
pop es 
pop ds 
mov   temp_ax,ax Jsave  ax 

address 
'Mil   return 

registers 
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rov ax,temp_stacK Irestore call return 
pusn ax 
T>OV ax,temp_ax ; restore ax 
ret 

DATA SECTION 

»usea By dec_Din 
»used by save and 
;restor 
»used by tr«:_nur1 

STORAGE REQUIRED ST BIN DEC 

Din nun dw 0 
te7ip_ax dw e 
temp_stac!c dw 0 
terrp_tK dw 00^1 

table l db 01a 
IB 02r. 
db 04n 
dc een 
dc 16ft 
etc 32n 
db bin 
db 2 on 
db 56n 
db 12n 

table  2 db e?fe;n 
db 00n 
db 00n 
db 00n 
db 00n 
db 00n 
lb 00n 
db Bin 
db 02n 
db 0bn 

ans ITS db 20n 
ans   Is db 00n 
dec  nuT dw 00n 

STORAGE REQUIRED BT CON IN 

buffer db 00a 
num cnars db 00a 
asc  data  l db 00a 
asc  data  2 db 00a 
asc  data  3 db 00n 
ms  data dw 4} an 
Is   data d w 00a 
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STORASE REQUIRED BY REV 

cmd_ .r.ane. ß 
cri. 
cma] 

_name_ 
"name^ 

1 
3 

cmi_ ,name. .^ 
cmd_ 
• 
» 

_aame. .4 

rev_ .tabl 

» 
rev taoi 1 

asc_log_sec0 
asc2log~sec2_l 
asr_loe*_sec0_2 

• 

asc_sicv_f ac 
asc~sKw_t'ac_l 
asc  s!cw~fac~2 

asc_spar 
asc_spar_l 
asc_spar~? 
rev~taoi32 
asc_head 
asc_neai_i 
asc  neaa~2 

asc 
asc' 
asc 

oeg_trfc 
Co & 

cee: trs 
.1 
*2 

asc_end_rrff 
asc_end_trs_l 
asc  end   trie 2 

err_code 
proc_err_taol 

do 
db 
db 
ib 
db 

db 
db 

db 
db 
db 
db 
db 
db 

db 
db 
dD 
db 

db 
db 
db 
db 
db 
db 
db 
db 
db 
db 
db 
db 
db 
db 
db 
db 
db 
db 

'Initialize  tne  DisK $' 
'Verify  Initialization   $' 
'Initialize and  Verify 5' 
'Format   tne Diss  $' 
'Verify  tne Format  $' 

wio,cr,If,'Command   to   be   executed:' 
'$',cr.lf 

'Physical   address   of   logical' 
sector 0: 

00n 
00n 
pen 
cr.lf, 'Sector  sse*   factor:   ' 

ma 
0011 
cr.lf,'Location   of   spare   sector: 

00a 
een 
00n 
cr.lf.'Disic neaa  number: 
e^n 
00n 
00n 
cr,lf,'üeeinning tracs number: 
00n 
00n 
00n 
cr,if,'Ending  tracx  number: 
00n 
00n 

c r, 1 f, l f 
'Strite  <enter>   to  continue' 

STORAGE  REQUIRED  JJY   PROC   ERR 

db 
db 
db 
db 

00Ü 
wip.cr ,If.'Statistics   on Command 
'Abortion:' 
cr , if ,'Command   being executed:   s' 
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proc err_tabl_i db cr,lf,'Disic seaa number: 
asc_dK_nsad    lb 00n 
asc_dfc_nead_l  lb 00n 
asc~dK_nead~2  db 00n 

db cr,if,'Last trx number processed: 
asc trie       lb 00n 
asc~tr«_l      lb 00t 
asc~trx_2      lb e0n 

db cr,If,'Last sec number processed: 
asc_sec       db 00n 
asc~sec_l      lb 22a 
asc_sec_2      db 22i 

db CTtlf•'Irror coie: 
asc_err_c      its 22n 
asc_err_c_l    db 00n 
asc~err_c~2    db een 

db cr.lf.lf 
db 'Strise  <enter>   to  continue' 
db '$' 

JUMP  TABLES 

Jm?_täbl_l dw in_ver_dsK 
dw in_ver_istc 
dw in_ver_dsi 
dw fm_ver_dsfc 
dw fm_ver_lSK 
dw leicr 
dw s_end 

jmp_tabl_2 dw read_0 
dw read~l 
iw reaa_2 
dw read_3 
dw read_4 
aw read_5 
iw read_o 

jmü_tabl_3 dw rev_ent 
dw cng_ent 
dw e_cmmi 
dw main 
aw s_ena. 

Jmp_tabl_4: Iw cmd_name_2 
dw cmd~name_l 
Iw cmd_name_2 
dw ~md_name_2 
dw cma_name_4 

Jmp_taol_5 dw cng_7 
dw cn«_d 
dw cag~9 
dw czg_l2 
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t>. 

Jmp_taDl_ö 

read <£ 

read  1 

•a 

reac 2 

read  3 

real 4 

dw en? 11 
iw cng_iki 
Iw Cßff 10 
dw eng 11 
3W eng 12 

DESCRIPTION   OF   COMMANDS 

ID 
lb 
ID 
db 
db 
dfi 
do 
db 
ID 
db 
lb 
ID 
db 
lb 
10 
db 
db 
db 
ID 
lb 
ID 
ID 
lb 
ID 
lb 
ID 
ID 
ID 
5 D 
ID 
ID 
ID 
dD 
in 
do 
ID 
lb 
lb 
ID 
lb 
ID 
ID 

wip.cr.lf,'Initialize tie 
cr.lf,'  Tnis command is 
'to write tne address am 
'data fields on tne lisu. 
cr.lf,'It snoull only be 
' a lisK fault is suspect 
or,if,if 
'striKe <enter> to contxn 
wip.cr,If,'Verify Initial 
cr.lf,' Tnis command is 
'conjunction witii tne Ini 
'command.',or,If,'Any err 
'are  discovered' 
'durin? verification 
'are reported  at   tne cons 
cr.lf 
'Tne  error  codes  can   oe  f 
'tie tficropolis  Technical 
'pp ü4-üb' 
cr.lf, if 
'stride <enter> to "cntin 
cr,if, 'Initiaiize ana 
'Verify simultaneously:'. 
'Tnis is a combination of 
'previous two commands.' 
cr,if,if 
'stride  <enter>   to   contin 
wip.cr,if, 'Format   tne  £is 
cr, if 
'Tne controller win plac 
'all data fields ",cr ,if,' 
'initialization of tne li 
cr,if 
'Tnis   conmani   is  usei  to 
'51 n  witn  E5n as   tnis  is 
'wnat   CP/M  expects   to  fin 
'create a  directory 
c r, l f, 1 f 
'strife  <er.ter>   to  ccntin 
wio.cr» If,'Verify   tne  For 
sr.if 

Verifies   tnat  E5n   is 

129 

Distc:' 
usei   ' 

usea  if 
el' 

ueS ' 
ization: 
usea in 
tiaiize 
ors tnat 

oie. 

ouna  in 
Manual 

ue s 

PT     If 

tne 

ues ' 
K:' 

e   bin   in 
curing 
sx. ' 

reclace 
',cr.lf 
i  to' 

ues'^ 
mat:' 

in   tne 
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read 

fi 
read 6 

»  
» 

» 
» 
menu 1 

1 

menu 2 

^ 
menu 3 

*« 

menu 4 

ID 
It 
do 
db 
db 
db 
db 
db 
db 
ib 
db 
db 
db 
db 
db 

'data f 
crfIf ,1 
'striKe 
vip.cr, 
'tnese 

;   A «i 
availa 

c r, 1 f, ' 
'striKe 
vip.cr, 
c r, i f 

Inme 
'sessio 
cr,lf,l 
'strike 

ields of 
f 
<"enter> 

if, 'Read 
commands 

toe disK. 

to continues 
a Description of 
'.cr.ifflf 

nie« loos at tne commands 
Die in tne Mlcropclis 
Maintenance area . *cr »if tit' 
<enter> to continues' 
if,'End tnis session:' 

diateiy terminates tne 
n witn no furtner action.' 
f 
<enter"> tc continues' 

1 

MENUS 

3b 
db 
db 
db 
db 
db 
ib 
db 
db 
db 
lb 
dti 
ic 
db 
ic 
ib 
db 
ID 
d b 
10 
lb 
lb 
it 
lb 
lb 
it 
lb 
lb 
lb 
ib 
db 
db 

cr.if, 
cr.if, 
or,if, 
c P , i f , 
'simui 
or,if, 
cr.if, 
cr.if, 
'tnese 
cr,if, 

cr.if, 
cr,if, 
or,if, 
cr.if, 
cr.if, 
cr.if, 

cr.if, 
c r, 1 f, 
cr.if, 
cr.if, 
'io*ic 
cr.if, 
cr.if, 
c r , i f , 
cr.if, 

cr.if, 
cr.if, 
cr.if. 
cr.if, 
cr.if, 
sr.if, 

'Select Option:' 
'{2)   Initialize tne disc' 
'(l) Verify Initialization' 
'(2) Initialize and Verify 
taneously' 
'(3) Format tne disK' 
'(4) Verify tne Format' 
'(ts) Read a description of 
commands' 
'(61 End tnis session' 
'Enter selection = = > s ' 
'Select Ontion:' 
If,' (id)   Review entrys ' 
'(1) Cnange an entry' 
'(2) Execute command' 
'(3) Start over' 
'(4) End session' 
if,'Enter selection ==> 5* 
'Select vaiue to cnav.ee:' 
if,'(0) Physical address of 
al sector B' 
'(1) Sector s.tew factor' 
'(2) Location of spare 
'(3) Disc nead number' 
'(4/ Beflnnia* trace number 
'(5) Enam^ tracir number' 
if,'Enter se'.ection ==•> s' 
if,'Select value to cnarge: 
'(2) Disic nead number' 
'{1)   Peffinnins tra^x number 
"(2) Ending trace numoer' 
if,'Enter selection ==> s' 
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I ERROR MESSAGES 
> 
micrst_err     db cr,if,'Micropolis Dis_ Reset Errors' 
err_in        dt wip,De,cr,if,'Error in input.' 

dt 'Only integer data is vaiil. 
db cr.lf, 'Try again ==> s' 

err_l         db wip,be ,cr,If,'You nave not 
lb 'selected a valid option. 5* 

err_2         db wlp,De,er,if,'ERROR:s' 
• _ _   »—— — ——— —  

; GENERAL   MESSAGES 
» 
erd_msg                    do cr, if, 'Session  nas   ceer.   ' 

ib 'terminated.s' 
«ram                          db vxip,cr,lf,' ' 

ID "*  A  R  N   I   N  G ' 
db cr,lf,'Use of tfcis pros-ram will' 
dt 'destroy tne contents of aisK !!!! ' 
db cr,lf,'Do you wisn to 
db 'continue   (y/n)?  %' 

msg 1                        db cr,if,'Input   dis« nead   number.' 
ID cr,If,'Valid   range  is  ?   to  4  = = >   $' 

msg_2                        db cr,if,'Input   tne  pnysicai 
lb 'address   of  logical  sector fc".' 
db cr,If,'Valid   rane-e     f  to   23  ==>   $' 

msg 3                        at cr,if,'Input   sector  s_ev  factor' 
db cr,If,'Valid   range     fe.'   to   23  ==>   $' 

msg_4                        lb cr,lf,'Valii   range     0  to  579  ==>   $' 
mse_5                        db r.v,If, 'Input   beginning 

ib 'trs number.s' 
msg_6                        ib cr,if,'Input   ending   trac_  number.5' 
msg_"                        It cr,if,'Input  location  of 

db 'spare   sector' 
lt> cr,If,'Valid   range  tf  to  255  ==>   s' 

mse_*                        dt cr.lf,if,'Currently  formatting' 
30 ' ani/or  verifying  format   of  lisfi' 
lo or, if,'Please   stanlby 3' 

msg_l<?                     3b cr ,if ,if,'Currently  initializing 
db 'and/or  verifying dis_' 
lb cr, if ,'Please   standov s' 

msg_li                      in cr,if,'Command  was   successfully' 
db '  exeeutel .5 ' 

,— _——- •——————>—————•—•——•—._———_————,————_————_ ____________ __———_ 

J MICROPOLIS   PARAMETER  TABLE 

cmd   byte                 db vün 
parml lb 00n 
parm- lb fc'fcn 
parm3 db tf0n 
parm* db iJPn 
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( 

parm5 
parmö 
?o_byte 
• _——. 

ID 
it 
16 

STORAGE REQUIRED BY MAIN PROGRA! 

c^d  type dD een 
log_sec4J dt tftfn 
slew  fac db t^fcJn 
spar db een 
nead db ^fe)n 
be?  trt  num dw fejfefn 
end_tric_nurr dw 

er.d 
tftfn 

K 

>: 

u 

> 

>: 
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' 
APPENDIX   C 

PROGRAM  LISTING   OF  CPM1IOS.A86 

Pro? Name CPM£ 
Date      : 5 Ap 
Written by- Di?i 
modified DV MarK 
For       ; Tnes 
Adviso r : Proi 
Purpose Tr. i s 

! Inci 
: Real 

metro 
: gene 

aisle 

H0S.A66  (raster  CPM iios) 
srli   19B6 
tai Researcn 
L. Perrv 

is (AFC-IS Moieiing Group) 
essor Cotton 
Dios is for use *i tn tne iSRBo'luA. 

.udes lo^in and logout routines ana ail 

./Writ« operation conductea via common 
<ry.  It also inciuaes tne coae for 
'rating a loader for tne Remex floppy 

KOUATJCS 

»"carriage  return 
»line  feed 
general error indication 
»for master/siave version 
»set for ioaaer version 
»common memory seement 

true equ -1 
false eau not tr 
cr equ ean 
If equ da.a 
error eau 0ffn 
master eau true 
loader Dios equ false 
cmemse? eau eeee^n 

»system addresses 

odos_int 
» 

» 
IF 

equ  'd'di »*re  ervei  tLOS   interrupt 

not   loader   Dios 

cp_of f set 
bdos_offset 
oios  offset 

equ efcteen 
equ tfiZön 
equ 2teQw 

,* start   of   CCP  code 
,*BDOS   entry  point 
Jstart   of  3IÜS   cede 

ENDIF 

IF 

Jnot ioaaer oics 

loader bios 
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bios_offse t 
ccp^offset 
bdos  offset 

eau I200n 
equ tf023n 
eau  0-tZbn 

Jstart   of   libios 
,'base  of  CPML0*Di;R 
»stripped   EDOS   entry 

5! 

ENDIF 

Jconsole via tte 18251 USART 

S! 

cstat 
cdata 
t bemstc 
rdamsK 

equ 
equ 
equ 
eau 

elan 
0tt3fl 
1 
2 

»loader   oios 

;status   port 
jaata  port 
»"transmit   suffer  empty 
»receive  data avaiiaole 

cseg 
ore 

ccn: 

[ 

ccpoffset 

org bios_offset 

bios: ;JUM? VECTORS 

Enter   from  300T  ROM  or  LOADER 
Arrive  nere  fropi  BüOS   call  2 
return   console  Keyboard   status 
return  console  Keyboard  cnar 
write  cnar to  console device 
write  cnaracter   to   list  lev ice 
write  cnaracter to  puncn device 
return   cnar  from   reacer  device 
move   to   trtc  00  on  sei  irive 
select   disir  for  next   ret/write 
set   tracK  fcr  next   rl/write 
set   sector  for  next   rd/write 
set  of set  for user  buff   (DM.O 
read  a  126   oyte  sector 
write   a  128   oyte  sector 
return  list   status 
xiate   iogicai->pnysicai   sector 
set  seg  case  for   buff   (DMA) 
return  offset   of  Mem  Cesc  Table 
return  I/O map   oyte   (iobyte) 
set   I/O map   byte   (iobyte^ 

Entry Point Routines 

.i^p IN IT 

.l^p WBCOT 

.imp CONST 

.1*P COMN 
J^P CONOOT 
Jmp LISTOUT 
S*V FUNCH 
J^P READER 
,)wp HOME 
J^P SELDSK 
Jnp SETTRK 
JTIP SETSEC 
/!TP SETDMA 
J^P READ 
J*P WRITE 
j^p LISTST 
j TIP SECTPAN 
.Ifip SETD^AB 
.i'np GETSEG-T 
J^p GüTIOBF 
J^P SETIOBF 

- 
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IF     not ioader_Dics 

Inciuie login.a3ö »login & logout procedures 

EN DI F 

INI! »print  signon  message  and  initialize  nariware 
Janl   software 

no v 
PlOV 

mov 
TO V 
710V 

Cll 

IF 

a x, c s 
ss ,ax 
as ,ax 
es, ax 
sp,offset  stscase 

not   loader   cios 

;we  entered  wit a  a  JMPi 
iso  use  cs:   as   initial 
»"segment  values 

»use   local   stacic 
»clear  direction  flag 

This   is  a   EIOS   for  tne  CPM.srS   file 
Setup  all   interrupt   vectors  in   low 
memory   to  address   trap 

pusn  ds 
pusn  es 
mov  iocyte,0 
nov    ax.e 

as ,ax 
es,ax 
inttf_offst,offset   int_trap 
int0_segment,cs 
di,4 

»clear i/o cyte 
Jaadress trac routine 

mcv 
mo v 
mov 
mov 
mov »propa^a te 

»vectors 
to   remaining 

rep 

mov s i,0 
mov cx,bl0 
movs ax,ax 
mov ödio,Odos_offset 
pop es 
pop as 

»"correct Ddos int vector 

ENTIF 

IF 

»not loader bios 

loader Dios 

Tnis is a BIOS  for tne LOADER 

13b 
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pusn  ds »save  data  segment 
mov ax,W 

j[ mov ds,ax »'point   to  segment  i 
inov  Ddio,bdos_offset »correct  offset 
•nov   oais,CS »'Ddos   Interrupt   segment 
pop ds 

I ENDIF ,'loader_bios 

call con_lnit »initialize   console 
xor bx,bx »'e-et  mass   storage 

inil: 
. -nov ax,intbl[bxj »initialization table 
' or ax,ax »quit   if  er.rf.  of   table 

jz ini2 
pusn ox 
call ax ;caii init entry 
pop bx 
inc ox »step   to   next  entry 

' i n c fix 
jmp inil »'loop  for  next 

IF             not  loader_Dios 
;——— ___________—_________________ ___ ____  

| ; 

ini2: 
call  login 
nov     bx,offset   sienon       »'print  sisn  on  mss* 
call   pmsg 
nov    ci,user 

> 
;—-.—— _____________ ___________ ____ ___ _____ _  

EMBIF »not  loaaer_Dios 

IF             loaier_bios 
»———————— — —————  

» 
ini2: 

•nov bx,offset signoni   »print sign on message 
call pmsg 
mov cl»0 »default to 'a' on coldstart 
nov unit,0 

> 
*  _   .    _   -.  i  ————.———.—.—.—.——.—.——.—. — ———— _ _— 

ENDIF 5ioader_Dios 

jmp    ccp »jump   to   coll  entry of   CCP 
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WBOOT: Jenter CCP at command level 

jmp ccp+5 

•  ^^?¥??Jf^??!j???J);¥i(i9!i;«j?^VVW¥?VBS)jii;)|IJf?V)fW¥Vp5¥,?;^V.¥¥¥¥>;*Mvv¥ 

CONST: 

conl: 

in 
and 
jz 
or 
re t 

»return console status 

al ,cstat 
al »rdamsK 
conl 
ai.tfffn »return  non-zero   if   raa 

CON IN: • set   a  cnaracter from  console 

call CONST 
J2 COMN 
in al.cdata 
and ai,?fn 
ret 

»wait  for RDA 

; read data \   remove   Darity   cit 

CONOUT: 

in ai.cstat 
and al »tDemsic 
jz CONOUT 
Tiov ai.ci 
out cdata,al 
ret 

Jsend a cnaracter to console 

•get console status 

»xmit Duff is empty 

LISTOUT: Jsend cnaracter to list device 
»not yet implemented 

re t 

7*7f***iZ3f&*^i?**7r^V**ip*jfV****V**V**>? *'*>*'***>****>*'?•>*>)' V^s? sjtJjSspsjcspv^^^^V 

FUNCH: Jwrite cnaracter to puncn device 
»not implemented 

ret 

; jjc^tajt ^*^^:^^3jt^^^^c^^^jn^«j)t^t^J!(jjt3Ct^tJ5tqt^c^tJi«^t^(VWStJi«J(ts«t'?^^'!t»!«>?>*>* MV?**!??^?? 

RÜAD2R: ;eet cnaracter from reader device 
»not implemented 
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mov    al.lan 
ret 

»return eof 

E0,ME: 
J 

imove  selected  diSK  to   trir 2U. 

mov tracK,0 
xor bx,ex 
nov bi,unit 
add ex, bx 
Call nmtDilDxJ 
ret 

SELDS£: 
»return pointer  to  appropriate   'disJt 
»"nararreter  blocs'   (zero  for  cad unit  no) 
JNOTE:  nunits  is defined in  tne   .cf«; file 

nov unit,cl 
nov bx,0000n 
emp ci ,nuni ts 
Jnb sell 
mov bl.ur.it 
add bx, bx 
call dsKtbl[bxj 
xor bx, bx 
mov bi»unit 
nov Ci,4 
sni cx ,cl 
TIO V rx,   offset   lpbase 
add bx ,cx 

sell: 
ret 

• )? 3* *c jp 9 :gc 3c jp qt ;p *c 5: jgc ap 3c ip jp qc«jge j? jp >jc sp jje j* age ip :ge 

SSTTRK: Jset   tracK add 

Jsave unit 
»ready for 
; return if 

number 
error return 
beyond max unit 

bx = '1 * lb 

; ox + = ^dpbas: 

mov tracs.ci 
xor bx,ox 
nov bi.unit 
add tx,bx 
call trttbltoxj 
re t 

S3TSEC: »set   sector  number 

mov sector,CL 

lv5S 
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xor bx , bx 
Tiov Dl, uni t 

(add bx, bx 
call sectDiioxJ 
ret 

SETDMA: Jset   DMA  offset  given   oy  ex 

nov     dma_adr,cx 
ret 

READ:       »read  selected unit,   tract,   sector  to ima  addr 
;read and  write  operate   Dy  an  indirect   caii 
jtnrougn  tne  appropriate  tatie  contained   in 
Jtne  configuration  file.     It   is   tne  programmer's 
jresponsibiiity  to ensure   tnat  tne entry  points 
;in  tnese  tables  natch  tne  unit   type 

xor bx,bx 
nov bl,unit 
add bx, bx 
call rdtblLbxJ 
ret 

WRITE:     »"write  from dma address   to   selected 
:unit,   tracic,   sector 

xor DX,DX 
nov bl,unit 
add bx.bx 
call wrtbilbxj 
ret 

LISTST: »poll   list  device  status 
»not   implemented 

or       al.Pffh »return  ready  anyway cr 
-« ret »system  may nang up 

SECTR&N: »translate  sector  ex   by   table  at   Ldxj 
»NOTE:     tnis   routine   is   not   alsauate  for 

•    • »tne   case  of  >= 256  sectors   per  tracer 
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;still it's Better tnan DR's wnicn is not 
jade^uate for tne no taoie case eitner 

sei 

mov cft,0 
mov bx,cx 
cmp dx»0 
je sei 
aid bx.ix 
mov bl,[bxj 

» » 

ret 

»cnecK for no table case 

»add sector to tacie aidr 
»get logical sector 

I ¥¥¥¥¥'H:¥?VV*v¥V»VVVV¥e¥vV?¥^^-«¥*vV¥¥»vvV¥¥vv-fv¥vVvvvv?*?v?V 

SETDMAB: »set DPA sesment eiven üy  ex 

TOV dma_seg,cx 
re t 

GET? IT: jreturn addr or pnysical memory table 

mov  ex,offset segtaoie 
re t 

j V^^^^^^^^JK^^VV^^VV^^^V^^^^W^WWV^^^^^^^^^Vi^äit^JXÄä^^^V^*»?^»?:'?^^^ 

GETIOBF: jreturn iobyte value 
»'note - tnis function and SETIOBJ 
;are OK but to implement tne function 
;tne cnaracter 10 entry point routines 
»"nust be modified to redirect 10 
»"depending on tne value of iobyte 

mov al,iobyte 
re t 

TJ^^lHl^WTWlUC^^lfJIHHl****»»*»»»?»»*»,^??^*????»?^*?:).??!^:?*?? 

SETIOBi': »set iobyte value 

mov iobyte,ci 
ret 

SUBROUTINES 

Utf 
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IF not  loader  Dios 

int_trap: »interrupt   trap - non  interrupt 
»driven  system  so  snouic never get 
fnere  - send mesage and nait 

cli 
mov ax.cs 
iiov ds.ax 
TIOV bi,offset  int_trp 
?all pmse 
nit »naraston 

»blocs Interrupts 

»"get  our data  secern 

EN BIP 

con_init: 

ret 

»not  ioaner_bios 

»"initialize  console ariver 
factually done   by  tße  iSüCB6/12a  monitor 

pnsg: Jsend  a  message  to   tne  console 

»set  next cnar from rressa^e 

»if  zero  return 

»print  it 

mov al,[bxj 
test alfai 
jz pmsl 
TOV cl.al 
call CONOÜT 
iac  bx 
jmps pmsff 

pmsl: 
ret 

DISK   INCLUDE  FILES 
*p *p^r ^p *^^p n^^n ^p ^P^H ^n ^p ^fi ^fi ^p ^p ^p* *fi ^p *fi ^p ^fi ^fi ^p*p> ^p ^^ *fi ^p n^ ^p ^p ^p *i* 'p *p ^^ *fc A* ^p *i* *i* *n *i* *P *P *P *P ^P T* wp *i* *p *p *p *p ^n *r 

include  rxflop.aBb 
include micnard.aeö 

IF not loader bios 

include mbBedsK.aSS 
include rxnara.aa6 
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ENDIF ;not  loader  cios 

RESOORCE ALLOCATION 

low-level synchronization of access to tr.e sr.-trei 
device.  <sync.a86> must include tne tnree entry 
points definec in tne ctg,files. Tnese are 
caliea on initialization and before ata arter 
accessing tne resource respectively. 

IF not loader bios 

include  sync.aSS 

ENDIF ;not   loader   trios 

• ¥¥V»¥VW^^r?:*VV¥5vv--,lvV¥i,<S'¥Vv¥v¥ilVVv??-frVvV?****¥«<?¥¥»^»?'f¥* 

; DATA S, LOCAL STACK AREA 
•¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥«¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥ 

cseg   S 

si^non    no cr,lf,cr,lf 
do cr,If.If,' 
if Tiaster 
do 'CPM/b6  faster   ' 
eniif 
if  not naster 
ID 'C?M/8S   Slave' 
endif 

IF not loader bios 

ab 
lb 
lb 
db 
lb 
db 
db 
db 
db 

er«if»Ifi' Moaifiea 
'22 April 1983 By' 
cr»U , 
>ar<  L.   Perry' 
er,lf»if 

For use witn a  Bubble  "lexory  , 
'tne  P.EMEX Dataware House,' ,cr,if 

and tne Micropclis DisK Drive' 
cr»if»if»if»e 

ENDIF »not   loader   bios 
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IF loader  bios 

signonl db 
lb 
db 
lb 

cr.lf,' CP/M-B6  Loader' 
cr,lf,' Version 1.2 ' 
cr,if , 'Loading  CP/M from  tne fiemex' 
'  Floppy  DiS/C Drive.   .   .',0 

EN DI F »loader   bios 

int_trp  db 

lobyte 
unit 
tracK 
sector 
dma_adr 
dma~se? 
loc_stlt 
stKbase 

db 
db 
rb 
rb 
rb 
rb 
rw 
TV 

TV 
eau 

cr.lf 
'Interrupt  Trap  Halt' 
c r, 1 r t e 

»cnaracter i/o 
»"selected unit 
»selected 
; selected 
»"selected 
»"selected 

redirection   byte 

tracK 
sector 
DMA  address 
DMA segment 

4565 
offset 

»local stact for initialization 

»system memory segment table 

segtable db 1 
dw tpa_seg 
dw tpa~len 

»1 segment 
»'1st seg starts after blOS 
»and extends to top of TPA 

7]l*3f**}f^*)fllt*v ************************************ *********** 

DISC   DEVICS   TABLES 
****** *****SfV*** ******************************************* 

Jtne included .cfg file below maps unit number to disir 
Jlevice type,  it provides tables of entry point 
»addresses for use by init, read and write. Tnese 
»"addresses must appear in tne appropriate include 
Jfile for tne particular device type 

include cpmmast.ci'e 

IF     loader bios 

»'read in configuration 
;table 

include   Idrmast.cfg Iread   in configuration   table 
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SNDIF Jloader bios 

;tne included .lib file contains diss definition 
Jtables detailing disx caaracteristics for tne bdos 
».lib files are generated by GENDEF from definition. 
;files and must comply witn tne allocations made in 
;tne corresponding configuration file. 

IF     not loader_bios 
i     ^^ ^^     ^^— 

i 

include cpmmast.lib »read  in disK lef  tables 
a 
> 
I ——————— —————      —— __.-__.——_      — ——      — 

SNDIF »not   loader_bios 

IF loader_bios 
» —— —     —— -niir-r-m»     •mm—     —     —   —     _ 

» 
include  ldrmast.lib ; read  in disic def  tables 

»for  tne  loader 

• — —. — —_____—__— _— — — —— 

SNDIF Jloader bios 

END OF BIOS 

lastoff equ 
tpa_se? eau 
tpa'len  equ 

offset s 
(lastoff+0400h+15) / lb 
efffn - tpa_seg 
db 0 »fill last addr for GENCtfD 

P.1GS ZERO TEMPLATE 

lntfij offst 

dseg 
org 
rw 

0 
0 
1 

ir.t0_segment 

bdio 

rw 
rw 
rw 

1 
A« 

1 
cdls rw 1 

»•absolute low memory 
»(interrupt vectors) 

2v(bdos_int-l) 
~»cdos   interrupt  offset 

,* bdos   interrupt   segment 
end 
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APPENDIX D 

PROGRAM LISTING OF CPMMAST.CFG 

Proff Name 
Date 
Modified By 
For 
Adviso r 
Purpose 

CFMMAST.CFG ( Master Configuration for CPM^ 
25 April 1983 
Marfc L. Perry 
Tr.esis (AEGIS Modelin? Group) 
Professor Cotton 
Tms code is an include file w/ir CFMEIOS.AS6. 
It contains tne device tables for access to 
initialization, read, v write rcutir.es.  It 
also allows for the development of a loader 
BIOS. 

IF not loader_bics 

; DEFINE nunits 

nunits  db 12  ;total number of mass storage units 

ENDIF »not loader bios 

INITIALIZATION TABLE 

intbi contains a sequence of addresses of initialization 
entry points to be called by tne BIOS on entry after 
a cold coot.  Tne sequence is terminated by a zero entry 

IF master ani not loader bios 

i n t b 1 dw  offset  mbeeisic  init     »Initialize  Buttle 
dw  offset rxfiop_init 
dw  offset initsync 
aw  offset init_loffin 
dw offset mir,_init 
dw  0 

»"initialize   ?.e re x 
»"initialize  sync  variables 
»initialize  io^in 
»Micropolis   initialize 
;en:  c't   table 

ENDIF Taster and not ioaler bios 

IF not master and not loader bios 
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»  
» 
intbl       dw offset  m.bB£dsi_init     Jinitialize  Bubble 

dw offset   rxfiop_init       »initialize  Herren 
dw  y ;end   of   table 

SNDIJ »not  master  and  not 
;ioader_Dios 

5 READ   TABLE 

»rdtbl  and wrtbl  are sequences  of  iengtn  nunits,   containing 
»tne  addresses  of   tne   read  and  write  entry   point   routines 
Jrespectively wnicn apply to   tae unit  number corresponding 
»to  tne position  in tne  sequence.     Tnese and  tne  entry  pts 
»for initialization  nust  correspond to   tnose contained  in 
;tne  appropriate  include   files   containing code   specific 
»to  tne  devices. 

IE    not  loader_bios 

» 
rdtbl       dw offset mb8BdS£_read »A:   is   a   bubble  remory 

dw offset nfiop_read ;B:  is Remex floppy  lisx l 
dw offset rxriop^read JC:   is  Remex  floppy  dis£ 2. 
dw offset rxnard_read »C:   is  Remex r.ara iiss  tf 
dw offset rxnard_read JE:   is  Remex narc   disx 1 
dw offset rxnard_read »F:   is  Remex nard  disK z 
dw offset rxnard_read ;S     is  Remex  nard  dissc  3 
dw offset mic_read JE:   is Micropoiis   dis* t 
dw offset mic_read ;l:  is micropoiis  disi 1 
dw offset mic_read »J:   is  Micropoiis   diss 2 
dw offset mic_reud ,'£:   is  ^icropoli«   dist  3 
dw offset mic  read ;L:   is  vicrcuolis   lissc 4 

J WRITE   TABLE 

wrtcl       dw offset mbrfc'ds«_write 
dw offset rxflop_write 
dw offset rxflop_write 
dw offset rxnard_write 
dw offset rxnard_write 
dw offset rxnard_write 
dw offset rxnard_write 
dw offset mic_write 
dw offset mic_write 
dw offset mic_wrlte 
dw offset mic_write 
dw offset mic   write 
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HOME TABLE 

ami t)l 

Ü 

dw 
d« 
dw 
dw 
dw 
lw 
dw 
aw 
lw 
lw 
dw 
lw 

ffset 
ff set 
ffset 
ffset 
ffset 
ffset 
ffset 
ffset 
ffset 
ffset 
ffset 
ffset 

mböG 
rxf i 
rxf 1 
rxaa 
rxaa 
rxna 
rxaa 
mic_ 
mic" 
mic_ 
nie 
mic 

lss_aome 
op_aome 
op_aome 
rd_aome 
rd_aome 
rd_aone 
rd_no"ne 
acne 
nome 
aome 
come 
aome 

r* 

•n 

dsstbl dw 
dw 
dw 
dw 
lw 
lw 
dw 
dw 
lw 
dw 
lw 
aw 

SELDSX  TABL3 

offset nfcS?ls£_seiisx 
offset rxflop_sei.lsK 
offset rxfiop~seiisK 
offset rxaard_seidsic 
offset rxaard_seidSK 
offset rxnara_seicsff 
offset rxnard_seiasx 
offset mic_selist 
offset mic_seldsK 
offset nic_selisic 
offset mic_seidsfc 
offset mic  seidss 

trfetoi 

SETTER  TABLS 

:_settric 
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[• 

i 

sectoi     iw offset   mOSGdSJC^setse« 
dw offset   rxficp_setsec 
dw offset  rxricp_setsec 
dw offset   rxnard_setsec 
iw offset  rxnard_setsec 
dw  offset   rxnard_sets?c 
iw offset   rxr.ard_setsec 
dw  offset  mlc_setsec 
iw offset  mic_setsec 
Iw  offset  r"ic_setsec 
dw offset  mit;_setsec 
dw offset  mic  setsec 

ENEIF »not  loader   öios 

ft 

+ 
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PROGRAM LISTING OF MICHARD.A66 

»Pros M 
»Date 
»"rfritte 
»For 
JAiviso 
»Purpos 
» 
> 
j www 

» 

» 
m 

t 

» 
» 
mic_por 
nic_por 
mic_por 
mic_por 
mic_nod 
» 
> ————— 

w*wr 

MICHARD.A85 (Micropoiis Hari DisJc) 
13 April 1963 
Marie L. Perry 
Tnesis (AEGIS Modeling Group) 
Professor Cotton 
Tnis coae is an include file w/in tne 
BIOS.  It contains tne narCware dependent 
cole for tne Micropoiis DisK Drive 

EQUATES 

ame 

n »y 

r 
e 

   EQUATES FOR THE Ö255 PIO 

te 
ta 
tö 
tc 
e2 0  out 

» 
mic_mod 
.mic_cou 
mic_rrod 
711C~1SD 
nie  ^so 

e_port 
nt_port 
e_cntl 
_vaiue 

va lue 

equ 
equ 
equ 
equ 
equ 

0cen 
0cSn 
0cad 
iJccn 
0c0n 

fcommani port 
;oi-airectionai 
»output port 
»control/status 
Jmcde r'or 8255 

EQUATES FOR THE 8253 PIT 

equ 
equ 
eau 
equ 
equ 

etfien 
?0<i0n 
0030n 
0cn 
30 n 

»'mode   for   tiner 
; count er  port 
Jmode   control   value 
;ieast   si* value 
Jrrost   si* value 

:•• •iic_icwl 
Tilc_icw2 
mic_icw4 
nriiC_OCwl 
mic_pic_portl 
•nic_pic_port2 

EQUATES   FOR   THE  «259*   PIl 

equ 
equ 
equ 
equ 
equ 
eau 

I3n 
40n 
0TÜ 
0t>f n 
00C0Ö 
00C2ß 

»control wore 1 
>*control wcra 2 
»•control  won 4 

»lew 
»ocw 

port 
port 

» 
» 
» 
rr>ic_rs tro_on 
mic_rstrs~off 
Tiic wstrD on 

MICROPOLIS EQUATES 

equ 
equ 
equ 

000010100 
000000100 
00000110D 

Jreac signal 
»reaa signal of 
»write signal 
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mic. 
mic] 
mic. 
mic] 
mic] 
mic 
mic" 
mic] 
mic. 
mic] 
mic] 
mic. 
mic] 
mic. 
mic. 
mic. 
mic] 
mic. 
mic 

wstrb_off 
stat 
cmd 
data 
|strb_on 
'strtToff 
'acic_ön 
'acK~off 
en_sel 
'stndrd 
^lrdyjnasK 
ordy_masK 
'busy~masJc 
masfc" 
attn_masK 
ireq_7?asic 
cmd_*asK 
rd_cmd 
wr CTI 

mic_una 
mic_oi<csiz 
mic~nstsiz 
mic~nstspt 
mic~nstblK 
mic_secsnf 
mic~cpmspt 

mic_secmsx 
mic~wrall 
mic_wralr 
mic wrual 

equ 
equ 
equ 
equ 
equ 
equ 
equ 
equ 
equ 
equ 
equ 
equ 
equ 
equ 
eau 
equ 
equ 
equ 
equ 

00000010b 
00000000b 
00000000b 

000000100 
00000011b 
000001000 
00000101D 
00000010b 
000101100 
00000001b 
000000100 
00010000D 
101000000 
100000000 
0010000*50 
000000110 
04en 
04:711 

write s 
status 
command 
data si 
input i 
iatcn s 
output 
output 
select 
normal 
input r 
cutput 
busy 
attn or 
attn on 
areg on 
command 
micropo 
micropo 

itfiial off 
signal 
signal 

gnai 
atcn signal 
ignai off 
signal 
signal   off 
enaoie 
reset 
eaay 
ready 

ureq 
iy 
iy 

Us 
iis 

read 
wri te 

Sector ülociing/Eeolocsing 

equ 
equ 
equ 
equ 
equ 
equ 
equ 

equ 
equ 
equ 
equ 

byte  ptr 
1Ö384 
bl2 

[HI]   Jname  for   byte  at  EZ 
JCP/M allocation   size 
;nost  iisK sect  size 
Jnost dlsK sects/trs 

mic_H5tsiz/12S»CP/M sects/nost   ouff 
;iog2(mic_nstbis) 

micjistspt 
;CP/V  sectors/tracs 
Isector mas£ 
Jwrite  to allocated 
; write  to  directory 
»write   to  unailocate 

2 
mic, 

mic 
0 
1 
2 

astbifc  * 

astoii-l 

cseg 

INIT 

mic  init 

»called  from  INIT 

IF    master  ana   not   loader   bios 

cli 

mov al ,mic_Toae2_0_out 
out mic_porte,al 
mov ai tmic_actc_ol'f 
out mic_porte,ai 

»'disable all 
»maskable 
; interrupts 
iiaitialize   to mode 
50  and  2 
»insure  acKnowltagS 
;is  Off 
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al ,mic_strD_off 
mic_porte,al 
a l,mic_en_sel 
mic_porto,al 
bx,offset  nicrst_TiSfc-;output 
pmsg 

I mic_init_l: 
mlc init 2: 

mov 
out 
mov 
out 
mov 
call 
,710V CXflfc" 
mov ax,27777 
dec ax 
jnz mic_lnit_2 
lee ex 
Jnz mic_init_l 
call mic_status 
emp al ,mic_stnard 
jz mic_init_3 
mov DxToffset Gierst. 
call pmsg 

»insure strace 
;is off 
Jset select ann 
,'enaDie 

reset 

»wait 1 be~oni 

",eez   tne status 

;tnen return 
,err»output error 

w 
load  tne  vector  table  for   tre   interrupt  r.andler 

mic init 3: 
pusn es Jwant to aidress 
mov ax.tf Jaosoiute &? 
mov es ,ax 
mov  ax,offset   mic_int_7fc'»'interrupt  number 
mov es:mic_ip_7feJ,äx Jstore   inst   ptr 
mov  es :mic_cs_70, cs Jana  cs   value 
pop es »restore  extra  sec 

initialize   tne   interrupt  controller 

mov ai,mic_icwl 
out mic_pic_portl,al 
mov  ai,mic_icw2 
out  mic_pic_port2,ai 
mov al,mic_icw4 
out  mic_pic_port2,al 
mov al,mic_ocwl 
out  mlc  olc  t>ort2,ai 

Jcontrcl wori 1 
»"output it 
»control word 2 
; output it 
»control word 4 
»"output it 
»'set mas£ register 

initialize tne timer and set tne status byte 

M 
pusn es 
mov ax,cmemseg 
mov es,ax 
mov mic_stat_D.yte,effn 
pop es 
mov al ,mic_moae_cntl 
out mic_mode_port,ai 
mov al ,mic_lsD_value 
out mic_count_port,ai 

Jsave extra se,r 
;to aadress common 

;anv non-zero vai 
»lore witn status 
;set  mode 

Jlcw  count  value »< 
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m 
mov al ,mic_msb_value 
out mic_count  port.al 
sti 
ret 

nign   count  value 
start   tirrer 
restore   ints 
and   return 

now  set up  tne  interrupt  nandler 

mic  int  ?2: 
pusn  ax Jsave   state 

set  up local   star» for interrupt  nar.iier 

nie wr is 

nie wr 2: 

:• 

mic_read_l: 

pic real 2: 

mov sav_ptr,sp 
mov  sav_se?,ss 
mov sp,offset int_oase 
mov ax,cs 
mov ss ,ax 
pusn es 
pusn DX 
pusn ex 
pusn ix 
mov ax,cmemseff 
mov  es,ax 

;save  stK  pointer 
»save   besrer. t   re? 
»set   lecai  pointer 
;set   local   seemeat 

Jmaxe   common 
;addressacie 

loci mov  ai,mic_stat_oyte   Jcnecic  statu 
emp ai.fcjeh 
jnz  mic_term_2 
mov ai ,mic_cmd_oyte 
and aifmic_cml_masK 
emp ai,k)2 
jz mic_read_l 
call mic_send 

call mic_status 
test  ai.mic^masic 
jz  mic_wr_l 
test  al.mic^attajtjasir 
jnz mic_term 
mov ix,5l2 
xor  ox,ox 
mov  al,mic_Duff[bxj 
call  mic_iata_out 
inc   ox 
dec  dx 
Jnz mic_wr_2 
jmp mic_wr_l 

call  mic_send 
call  mic_status 
test  al,mic_masic 
jz  Tiic_read_2 

faction needed? 
;no   tnen  return 
,'read  or  wri te? 

jreaa? 

»must   te wri te 

;?et  status 
»dreq  or  attn? 
;teep caecKiag 
Jwas   it  attnV 
»yes,   ail  done 
»set   counter 
Irrlear   DX 
»send data 

jcnecK status 
»for  final   result 

Jsend   command 
?get  status 
»'drea   or  attn? 
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mic reaa 3; 

mic term: 

mic, 

mic 

test  ai ,mic_a ttn_masic 
jnz mic_term 
mov lx»5l2 
xor bx.Dx 
can  mic_data_in 
mov mic   Duff (.öxj,äl 
inc  ox 
dec ax 
Jnz mic_read_3 
jmp mic_read~2 

call   mic_ousy 
call mic_irdy 
call mic_aata_in 
and ai,£fn 
cmp aijSfWft 
Jz  mlc_term_l 
mov  mic_stat_byte, fc'ffn 
jmp mic_term_? 

mov mic_stat_byte,£an 

pop ix 
pop ex 
pop DX 
pop es 

restore  oil stacs segment  and  pointer 

mov sp,sav_ptr 
mov ax,sav_se^ 
mov  ss,ax 

Defore final  pop  of  ax  reload  counter 

mov al,mic_lsD_value »least  sig value 
out mic_count_port,al 
mov  al ,mic_msD_value 
out  mic_count_port,al 
pop ax 
iret 

term_l 

term 2 

»was   it  attn? 
»"yes,ail  lone 
Jmust   ce  dreu 
»clear  bx 
»get  data 
»store  it   in  Duffer 

»continue 
»get  status 

»wait  on  cntrl 

»get   termination 
»'lower 4  only 
»'success? 

»"indicate   failure 

»indicate  success 

»"restore  all   regs 

Jcour.ter  starts 

ENDIJ 
r# 

»master and not 
; loader cios 

IF not master 

ret 

ENDIF 

»no special action 

las 
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71 IF not loader Dios 

;HOME entered fror KOME jump 
»nome tne selected lisK 

mic_nome: 
mov al ,mic_nstwrt      jcnecK for penlin* write 
test ai.ai 
jnz mic_nomed 
mov mic_nstact,2       Jclear r.ost active fia* 

mic_no-ned: 
ret 

;     SELECT  DISK entered  fron  SELDSK.  jump 
mic_seldsic: 

»"select disK 
mov cl.unit 
mov mic_se£dSK,cl 
»is  tnis  tne  first  activation  of   tne  drive? 
test  DL,1 »ISO * 07 
jnz mic_selset 
»tnis is tne first activation, clear nost cuff 
nov mic_nstact,U 
mov mlc_unacnt,0 

mic_seiset: 
ret 

;   SELECT TRACK entered after SETTRK junp 

mic_set trs: 
»set   tracic given  cy  registers   CX 
mov mic_sefctric,CX »'tracK  to   seeff 
ret 

J   SELECT SECTOR entered after SETSEC jump 

mic_setsec: 
Jset sector eiven oy register cl 
mov mic_sexsec,ci »sector to see* 
re t 

READ entered after READ jump 

mic_read: 
»read tne selected CP/f sector 
mov mic unacnt.tf »clear unallocated 

lt>4 
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mov mic_readop,l 
mov mlc_rsfiag,i 
mov mic_wrtype,mic_wrual 
jnp mic_rwoper 

»read Operation 
jmust reea data 
Jtreat  as  unalloc 
»perform   tne   real 

'«RITE entered after '»/RITE jump 

mlc_wri te: 
»write  tne  selected  CP/M sector 
TIOV mic_readop,0 ?write   operation 
mov mic_wrtype ,cl 
cmp cl,mic_wruai »write  unallocated? 
inz mic_cnkuna Jcnect for unalloc 

; write  to unallocated,   set  parameters 

TOV nic_unacnt, (mic_DlKsiz /I'dS)   »next  unallo~   re-s 
mov al ,mic_seicds5 »*disK  to  sees 
•nov mic_una3sir,al »mic_uraasi£  = mic_se£dsJc 
irov  ax,mic_seKtrir 
nov mic_unä*t rir,ax »mic_ur.atrK  = nic_sej£tr* 
mov  al ,mic_seicsec 
TIOV mlc  unasec.al »mic unasec   =  mic  sessec 

— Sector Blocic/DeölocK Sucroutmes 

mlc_cnsuna: 
;cnecfc for write to unallocated sector 

i 

*< 

mov  DX,offset  mic_unacnt 

-nov alfmic_una   !   test  al,ai 
jz  mic_ailoc 

more  unallocated  records  remain 
dec al 

mov mic_una,ai 
mov al ,mlc_seKdsx 
mov   EX,offset   micjinadSK 
cnp ai,mic_una 

Jnz  mic_alloc 

disis are tae same 
mov AX, mi^jinatrK 
cmp AX, mic~settric 
Jnz  mic_allöc 

Jpoint     UNA 
fat  UNICNT 
Jar.y ur.allc   remain? 
»"sup  if  not 

»mic_unacnt 
;= mic_unacnt-l 

Jsame  disx? 

»'mic_se£ds£ 
;=  mic_unadsjc? 
JSiip  if  not 

;süp  if   not 
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tracss are tne same 
mov al ,mic_seicsec 

nov UX,offset mic_unasec 

Jsame sector? 

»point  ur.a 
»at  nie  unasec 

emp ai,mic_una 

Jnz  mic_alloc 

;mic_seKsec 
;= micjanasec? 
JSKio if  not 

matcn,  move  to next  sector for future  ref 
ins mic_una ;mic_unasec 

;= mic_unasec^l 
mov ai,mic_una »end  of  tracic? 
emp ai,mic~cpmspt »count  CP/M  sectors 
jb mic_ncovr »'sup  if   eelew 

» 
mic 

overflow  to next   tracs 
mov mic_una,0 
inc mic~unatrK 

;mic_unasec   = 0 
»mi.cjjnat rx 
;= mic  unatriC-1 

mic 

mic 

noovf: 
»matcn  found,   marie as  unnecessary  read 
mov mic_rsflag,i? imic_rsfla£ = tf 
jmps  mic_rwopsr »'perform  write 

alloc: 
»not an unallocated record, requires pre-reaa 
mov mic_unacnt,2 »mic_unacnt = \L 
mov mic_rsfiag,l »'mic_rsfla^ = 1 

»"drop tnrousn 
;to rwoper 

Common code for R2AD ana rfRITS follows 

rwoper: 
jenter nere   to  perform  tne  reaa/write 

mov mic_erfla£,0 
mov al,  mic_seKsec 
mov  cl,   mic_secsnf 
snr  ai,cl 
•ncv mic_se'<nst ,a l 

»active  nost  sector? 
mov ai,1 
xeng  ai ,mlc_nstact 
test  al,al 
jz  Tiic_flinst 

»'no  errors   'yet) 
Jcomuute   nost   sector 

»nost  sect   to  sees 

»always   becomes  1 
»i*as   it  aireaay? 
»fill  cost   if  not 

nost   buffer  active,   same   as  see*   buffer? 
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mov ai,mic_seKdsK 
cmp ai,mic_nstis£ 

Jnz mic_nomatcn 

»sane  disir,  same  tracK? 
Tiov ax,mic_nsttrK 
cmp ax,mic_seTtrK 

jnz mic_nomatcn 

>mic_seKasK 
;= Tic  astcsiv 

inost   tracK  same 
»as  see*  tracs 

mic 

» 
mic 

isame disic,   same   tract,   same   ouffer? 
TIOV al,mic_sefcnst 
crip al,micjistsec Jmic^selnst 

>= mic_nstsec? 
Jz mic_matcn »SElp if  matcn 

poomaica: 
»proper dis«,   but  not  correct  sector 

TIOV  ai,  mic_nstwrt 
test  al.ai »"dirty"   ouffer ? 
jz mic_fiinst »no«  don't write 
caii  mlc_writenst »yes,  clear 

;nost  buff 

.filnst: 
»'may nave  to  fill   tne  tiost   Duffer 

TIOV ai ,,Tiic_secdsK:  !   mov mic_nstdsK,ai 
mov ax ,mic_sefctrff  !  mov mic_.nsttric,ax 
mov al,mic~se£nst   !   mov mic_nstsec ,al 
mov  al ,mic_rsflag 
test  al,al~ Jr.eed   to   read? 
jz  mic  fiinstl 

mic 

call mic_reainst 

fiinstl: 
mov mic_nstwrt,0 

»yes, if 1 

»no penning wrt 

mic_maten: 
;copy data to or from euffer depending on "mic_readop" 

mov al,mic_seKsec JmasK duffer number 
and ax,mic_secmsK 
mov cl, 7 ! snl ax,cl Jsnift left ? 

ax nas relative nost suffer offset 

aid ax,offset mic_nstouf 
mov si,ax 
•no v di ,dma  adr 

;ax  nas   Cuff  aadr 
Jput  in  si   reg 
i'user  ouffer  is 
Jdest   if   read op 
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mi! 

pus.n US   ! puss ES 

mov ES,dma_seg 

mov ex,126/2 
mov al,mic_readop 
test  al,al~ 
jnz mic_rwmove 

isave  seg  re#s 

»set destse? 
»to  trie  users  se* 
JSI/DI  and DS/2S 
»is  swapped 
»if  write   cp 
»len^tn of move 

»tfüicfi way? 
»siciti  if   read 

write  operation,   marie ani   switcn  direction 
•nov mic_nstwrt ,1 »"mic_nstt*rt   =  1 

»(dirty  Duffer no*) 
xcng  si,di »"source/*est  swap 
mov ax,DS 
mov  ES,ax 
mov  DS.dma^seg »setup ES,ES 

rwmove : 
cia ! rep movs AZ,AX 
pop ES ! pop DS 

»"move 15 pit words 
•restore seg regs 

mi: 

data nas   ceen moved  to/from nost   buffer 
cmp mlc_wrtype,mic_wrdir Jwrite  directory? 
mov al ,mic_erf lair »in "ase  of  errors 
jnz mic_return_rw ino  processing 

~iear nost   buffer for  directory  write 
test   ai,ai »"errors? 
jnz mic_return_rw >s.<ip if  so 
mov mic_nstwrt,£ »buffer  written 
call  mic_writenst 
mov  al,mic_erfla* 

_return_rw: 
ret 

MICROPCLIS   HARD  DISK   SUBROUTINES 

mic_readnst: 
mov m i c _d i r, tf 

*        •    _ _• M • • ^ M — —-—  

ENDIF 

»indicate reac or «rite 

»not loader bios 

IF master and not loader oios 
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1 
cli Jclear  int   to   be   sure 
call   eet_r*ommon 'tsez   resource 

1 

ENDIF »master and  not 
'«."     . ;ioader_oios 

IF not master ani not loader bios 

call request 'sei   resource 

ENDIF 

IF not loader cios 

»not master ana not 
;loader 

mov  Dl ,mic_rd_-cmd 
call  "nlc_set 
call  mic~trans 
call mic_traas_buff 
call   release 
mov  al,mic_result 
mov mic erflag,ai 

ENDIF 

IF    master  and  not   loader_bios 

stl 

ENDIF 

IF not loader bios 

»*set up read cmd 
Jset up parameters 
; trans mit trem 
»eet tne buffer 
»release resource 

Jestablisn error 

»not loader bios 

restore int 

;master and not 
Jloaier 

ret 

mic_writenst: 
mov mic_dir,l 
mov  al,mic_nst_dsic 
cmp al,use r 
jnz mic_wrt_err 

»"indicate   rd/»rt 
;CK for valid  wrt 

»indicate   error 
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If master and not loader Dies 

»not loaler cios 

ell 
call sei  common 

»clear tc be sur; 
»set resource 

5NDIF »master and  not 
; loader 

IF    not  master and   not   loader   urns 

call   request 'set  resource 

EN DU 

IF    not  loader   cios 

?not  master  ana  not 
»leader 

•POV   bl ,mic_vr_cmd 
call  mic_set 
call  mi?~trans_ouff 
call   mic_trans 
call   release 
-nov ai ,mic_resuit 
mov mic_erfla?,al 
j-np mlc~wrt_ret 

mic_wrt_err: 
TOV  bx,offset  mic_wrt_ms£ 
call   pmse 
mov mlc_erf lag.SJffa 

mic  wrt   ret: 

Jset up write  cml 
»set up parameters 
»transmit   outfer 

»'transmit   parameters 
Jrelease   resource 

»'error message 
Jindicate   tne  error 

2NDIF »not   loader   oios 

IF    master  and  not   loader_Dios 

sti »restore   int 

ENEIF »"master  and  not 
> ioaner 

lee 



IF not loader Dios 

re t 

mic  set 

5 

rfl 

pusn  es 
pusn  ax 
pusn  ex 
pusn   DX 
iiov ax.cmemse? 
mov  es,ax 
mov mic_c:r,d_Dyte , Dl 
mov   bl ,mic_nst_ds£ 
SUC    Di,7 
nov  cl,4 
sal   61,cl 
'nov mic_parml , ci 
•nov  cx,mic_nst_trt 
mov mic_parn2,cl 
•nov mic_parm3 ,cn 
mov  cl,mic_nst_sec 
mo v mic_paFm4 , cl 
•nov mlc_parm5 ,1 
Tiov rnic_parmö,0 
""0 v mic_£0_Dyts , 
pop  Dx 
pop ex 
pop ax 
pop es 
ret 

;ma.Ka  comrcn addr 

»tyue cf cormanc 
»adj for nead nu:n 

»unit am neai set 

Jtrtr now set 

»"sector set 
»only one to process 
»not used 
»set 20 cyte 
»restore  regs 

•nic_trans: 
pusn  es 
pusn  ax 

.•nov  ax,cmemsee 
•nov es,ax 
mov nic__stat_Dyte ,2 

»save  reps 

»mane  common  addr 

»iniicats   ready 

ENDIF 

IF master and not loader Dios 

Jnot leader Dios 

int ?e Ji'orce   interrupt 

löl 
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n 
ENDIF 

IF    not  loader   bios 

5 

Pi 

mic_trans_l: 
•Dov al ,mic_stat_byte 
c-pp al,0 
jz mic_trans_l 
cnp al,45an 
jz  iilc_success_write 
nov mic_resuit,0ffn 
JTP mic_fail__write 

mic_success_write: 
mov~mic_result ,2idn 

mi c_f ail_vri te: 
pep at 
pop es 
ret 

,'rraster  anc   not 
Jioaaer 

iget status 
»loneV 

I success? 

;indicate   failure 

mir 

1 

•nie 

"I 

trans   Duff: 
pusn es 
pusn  ds 
TlOV ax , es 
irov 9S, ax 
no v di. offset   role  nstbuf 
mov ax, cnemseg 
710 V ds. ax 
•nov si, blfc"0n 
nov ex, 256 
~mp mic _lir,e 
j z  nic_ trans   tuff  1 
xeng  si ,ii 
710 V ax, is 
TlOV es, ax 
TlOV ax, cs 
mov ds, ax 

trans   Duff 11 
eld 
rep rrovs  ax,ax 
pop ds 
pop es 
ret 

Jsave  re*?s 

« 
ENDIF »not   leader   Dies 
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• 

»routines   are   only  used • I IF FASTER and  not   loader_oics       ;Dy  interrupt   Randier 

• 
» 
{Subroutine:   mic_status 

• 
;Entry  Conditions:   none 

IV ;Exit  Conditions:   ai   contains   status  of  disK ", 
• {Registers  altered:  ai s »Subroutines   called:   none 9 

{Description: 
1 J                Tnis   subroutine   reads   and   returns   tae  current 
> 
• »value  of   the ^icropoiis  distt  controller's   status   port. 

: 

*• A 

• 
mic_status : — i mov  al,mic_stat                    »"enable  status   line » 

out mic_porte,ai 
I . mov al ,mic_rstrb_on           »turn on  real 1 
" out mic_portb,al~ ' < 
1 mov  ai ,mic_strb_on              Hatch   toe   status '. 
[ out  mic.porte.al -* 
: 1 mov  ai ,mic_strb_off 

out mic_porte,al 
mov  al,mic_rstrb_off         {turn  oft   real 

*\ 

• out mic_portb,ai 
. in  ai,mic_porta                    »bring  in  status 

1 
ret 

1 
»"Subroutine:   mic_send 
»"Entry  conditions:   parameters   are   calculated  and   in • 

;                                        tne   byte  variaoies ."• 

i {Exit  conditions:   parameters  ana  command  nave   teen  sent 
{Registers altered:   none 

1 
1 

I »"Subroutines   called:   mic_busy,-nic_ordy, - 
1 ;                                            mic_iriy,mic_rTid_out, mic_ia ta_cut : 

{Description: 
;                                 Tne  command   byte,   six  parameter   bytes *,i 

• ,'and   tne  go   byte  founa  in  the  data  area  are   sent   to 
;tne disz  controller. 1: 

mic_send: 
call  mic_ousy                         »'wait  for  cntri 
call   mlc_orly 

M call  mic_cmcl_out                 {send  out  cmd 
xor   bx,bx                                 »"clear   tx » 
mov  di,7                                   »set  count   value 

i 

mic_send_l:           call   mic_busy                         »wait   tor   cntrl 
call   mic_ordy , 
mov a l,mic_parmlLbxj          »get  parm 

B call  tric_data_out                »send   it > 
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ir.c ex 
dec ai 
Jnz mic send 1 
ret 

Jdone? 
;eet anotr.er 

Subroutine: mic_cmd_out 
Entry conditions: 'ordy' signal nas been issued oy 

diSK controller and 'cmd_byte' 
contains tne command to ce sent 

Exit conditions: none 
Registers alterea: none 
Subroutines called: none 
Description: 

Tne command in tne byte variable 'cnd_cyte' 
is sent to tne aiss controller. 

tne 

mic cmd out: 
pusn 
mov 
out 
710V 

out 
mov 
out 
mov 
out 
mov 
out 
mov 
out 
pop 
ret 

ax 
al,mic_cmd_byte 
mic_porta,al 
al,mic_cmd 
mic_porte,al 
al,mic_acK_on 
mic_porte,al 
al ,mic_wstrc_on 
mic_port b,ai 
al ,mic_wstro_off 
mic_portb,al 
ai,mic_acK_off 
mic_porte,ai m 
ax 

;save  ax 

;to  bi-directional 
jenacie cma line 

Jactivate outnut 
; Duffer 
;pulse tne write 
»strobe 

;de-activate tne 
joutput buffer 

tne 
va iue 

Subroutine:  mic_data_out 
Entry  conditions:   'ordy'  signal  nas   Deen  issued   ty 

diSK controller and  al   contains 
to   be sent. 

Exit   conditions:   none 
Registers  altered:   none 
Subroutines   called:   none 
Description: 

A  oyte  of data   is  output  to   tne  ^icropolis 
dlsK unit. 

mic  data   out 
pusn  ax 
out  mic_porta,al 
mov  al,rric_iata 
out mic_porte,ai 

fsave  ax 
; to   bi-direc tional 
Jenabie  data   line 

1Ö4 
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mov al ,mic_acx_on 
out mic_porte,al 
mov al ,mic_wstrb_on 
out mic_porto,ai~ 
mov al,mic_wstrb_off 
out mic_portb,al 
mov al ,mic_acK_off 
out mic_porte,ai 
pop ax 
ret 

Jactivate cutpur 
» Duffer 
jpuise tne write 
»'strobe 

Jde-actlvate 
»output   Duffer 
»restore   value 

Subroutine:   mic_iata_in 
Entry  conditions:   'irdy'  signal   nas   been  issued   by   tne 

aisic controller 
Exit  conditions:   al   contains   data   byte 
Registers altered:  al 
Subroutines   called:   none 
Description: 

A   byte  of data   is   input   from  trie   Micropoiis 
disfc unit. 

mic data in: 
mov al,mic_iata 
out mic_porte.al 
mov al ,mic_rstrb_on 
out mic_portb,ai 
mov al,mic_strb_on 
out mic_porte,ai 
mov al ,mic_strb_off 
out mic_porte,al 
mov al ,mic_rstrb_off 
out mic_portb,al 
in al,mic_porta 
ret 

»enable data line 

»turn tne real 
»or 
»latcft tne data 

»'turn off tne 
;reaö signal 
»Drin« in data 

Subroutine: mic_busy 
Entry conditions: none 
Exit conditions: dislc controller nas issued 'not busy' 

signal 
Registers altered: none 
Subroutines called: mlc_status 
Description: 

Tne executing program will wait nere 
until tne disfc controller issues tne 'not busy' signal. 

mic_busy: 

mic_busy_l: 
pusn   ax Jsave  ax 
call  mic_status Jget  status 
test   al ,mic_busy_masi£ Jbusy? 
Jz   mic_busy_l 
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pop ax 
ret 

i 

Subroutine:  :nic_irdy 
Entry conditions: none 
Exit conditions: disK controller Has issued 'irdy' 

signal 
Registers alterea: none 
Subroutines called: mic_status 
Description: 

Tr.e execution of ttte program will 
wait nere until 'irdy' is issued oy the controller. 

nic_irdy: 

mic  irdy 1: 
pusn ax jsave  ax 
call  nic_status »get   status 
test  al ,mic_irdy_masi ; ready? 
jz  mic_irly~l 
pop ax" »restore  ax 
ret Jreaay  new 

Subroutine:  mlc_ordy 
Entry conditions: none 
Exit conditions: disK controller nas issued tne 'orcy' 

signal 
Registers alterea: none 
Subroutines called: mic_status 
Description: 

Tne execution of tne program will wait 
nere until 'ordy' is Issued by tne controller. 

mic_ordy: 

mic  orly 1 : 
pusn  ax »"save  ax 
call  mic_status »get  status 
test   al ,mic_ordy_masK {ready? 
jz  mic_ordy_i »tot yet 
pep ax 
ret 

»Subroutine:   get  common 

«ret  common: 
pusn  es 
pusn ex 
mov  ax.cmemse? 
mov es,ax 
call   ticKet 
emp  bx,server 

(üiaite   common 
jmemory  addressable 
Jffet   tieftet   number 
;if  ticicet = server 

löö 
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get_common_2: 

Je get_common_4 
mov cx,dcount 

dec ex 
jnz  get_common_2 

;tuen lone 
»delay  ft«re 

Jcnecsc Micropolis  status   byte 

emp mic_stat_byte,00n 
je  get_common_3 
emp  oxTserver 
je get_common_4 
mov cx,acount~ 
jmp get_common_2 

»a  status   oyte  of  0 needs an  interrupt 

get_common_3: 
int 7? 
Tiov cx.dcount 
jmp get_common_2 

»execute int 

eret common 4: 
pop ex 
pop es 
ret 

SNDIF 

IF not loader bios 

Jena of routines 
»used by interrupt 

— ^icropoiis Interface PacKet 

eseg 
org 118a 

mic_ip_7Z      rv    l 
nie cs~70      rw 1 

org 5000n 
mic_stat_byte       re 
mic~cmci_byte         rb 

1 
1 

mic_parml 
mic_parm2 
mlc~par,1?3 
mic_parm4 
mlc_par,n5 
mic~parm6 

rb 
rb 
rb 
rb 
rb 
ro 

1 
1 
1 
1 
1 
1 

mic_a,o_t)yte rb 1 

»"status cyte 
»command code 
;parameters 
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arg 51feffeJn 
mic   Duff rb 512 ; Duffer for  ia ta 

cseg 

micrst_m.se 

micrst_err 

*ic_wrt_nsg 

tfisc Variables 

db 
db 
lb 
db 
db 
dt 
db 
lb 
db 

cr,lf, 'Micropolis Controller ' 
'Resetting...',45 
cr,If,'Micropolis DisK Reset Error' 
cr.lf.'Use of Drives K - L will ' 
'produce unpredictable results' 
cr.lf, if ,(£ 
cr,if, 'Write Access  net 
'Permitted on  Tnis   ' 
'Drive',0 

;  space for local stacs 

int_stact rw 100 
int~base equ offset   s 
sav_ptr rw 1 
sav_seg rw 1 

mic_lir rb 1                                i rd/wrt  direction 
mic_result rb 1                                i result   of  ri/wrt 
mic~seK_asK rb 1 »seen disK nurcer 
mic_seK~trff rw 1                                i sees tract number 
mic_seff_sec rb 1                                 1 'see* sector number 
mic_nst~dsic Tt 1                                 i nost 3i52 number 
mic~nst_trK rw 1                                i a os t traciC  number 
mic_nst_sec rb 1 'nost sector  number 
mic_se£ nst rb i                          ; seetc snr micsecsnf 
mic~nst_ac t rb l                          i nost active  fla« 
mic_nst_wrt rb l                          ; nost written  flag 
mic_una_cn t rb l                           i unalioc   rec  cnt 
mic_una~dsK rb l 'last unailoc diss 
mic_una_tri£ rw l                          ; last unaiicc  tracic 
mic~una_sec rb l 'last unalloo  sect 
mic_erflag rb l                          ; error  reporting 
mic_rsf la? rb l                          ; read sector  t'lae 
mic~reacop ro l                          i 1  if rd   operation 
mic_wrtype rb l 'wrt  operation   type 
mlc_nstbuf rb mic^cstsiz             ) 'nost buffer 

ENDIF 

iö3 

---••- . . 



APPENDIX   F 

PROGRAM  LISTING  OF   CPMtfAST.DfiF 

Tfie  followin* disic definition  statements  were usei  iritfi 

tne GSNDEF facility to generate  tne disc parameter  taoies. 

diSKS   12 
distdef   0,1,26,0,1024,71,32,0,2 
dislCdef   1,1,25,5,1024,243,04.64,2 
disxdef 2,1 
diSKdef 3,1,156,0,16384,275,128,e,l 
lisicdef 4,3 
disidef 5,3 
disKaef 6,3 
disKdef 7,0,ybf0,iö384,435,256,0,0 
disKdef 8,7 
disffdef ^,7 
disicdef 10,7 
iisKdef  11,7 
endef 
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APPENDIX   G 

PROGRAY   LISTING   OF   CPMMAST.LI3 

Tne    following CPl^^AoT.LIiJ   file is  createa   cy  tne QEHÜ2! 

utility  wnen   tne  CPM^AST.DEF  is  used  as   tne  source   file. 

• 
1 DISKS   12 
apbase e^u s 'Base   of  Dis.*  Paramete 
ape0 dw xit0,0000a           ; Translate  Tacie 

aw tfijfcjtfn,4?fej0fesn.         i 'Scratcn  Area 
dw dirDur,dpD0           ; Dir  Buff,   Parrr  BICCK 
aw csv0,aiv0 'CnecK,   Alloc   Vectors 

cpel dw riu,0000n            , •Translate Table 
dw 0000a,0000^. »Scratcn  Area 
dw dirbuf,dpbl Dir Buff,   Par-*  BIOCK 
dw csvi.alvl                , 'Cnecic,   Alloc  Sectors 

dpe2 dw xit2,eee2n »Translate  Tacie 
dw 0000a ,0002a          ; Scratcn  Area 
aw di r on f (d p bü          j Dir Buff,   Parrr Bloc* 
dw csv2,aiv2               i Cnecs,   Alloc Vectors 

dpe3 dw Xit3,200011 Translate  Table 
aw 0000n,0000n           ) 'Scratch Area 
aw airt>uf,dpo3 Dir  Buff,   Par-n  Eioctc 
dw csv3,aiv3 »CnecK,   Alloc  Vectors 

dpe4 dw XIt4,0000a                 i Translate  Table 
aw 0?00n,0000a Scratcn  Area 
dw stiruuf ,<lp&4          i 'Dir  Buff,   Parn £iocx 
dw csv4,alv4               i 'CaecK,   Alloc  Vectors 

Ipet) dw xltb, 0000n 'Translate  Table 
aw 0000n,0fc;00n           ; Scratcn  Area 
dw aircuf,dpD5 'Dir  Buff,   Parn Biocic 
dw csvb,aivs               ; CnecK,   Alloc  Vectors 

dpe6 dw xitS,0tf00n             i •Translate  Taole 
dw 0000n,0000n           ; 'Scratcn  Area 
aw air cut* ,dpb6 Eir  Buff,   Parti .Bloc« 
aw csvö,aivö                ! 'Cnecic,   Alloc Vectors 

dpe? dw Xlt'7,0000fl 'Translate  Taole 
dw ?000n ,0£00.n           i Scratcn  Area 
Iw dirbuf ,apb7          , Dir  Buff,   Parn Bicclc 
aw csv?,alv7               ; 'Cnecs,   Alic^   Vectors 

dpe^ aw titö, 0000a             i Translate  Table 
dw 0000a, 0000a           ; Scratcn Area 
dw dirbuf ,dpb8 'Dir  Buff,   Parn  üloci 

•r Elects 
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ipe9 

loelZ 

dpell 

dpb0 

xite 

alsd 
CSS0 

dpbi 

xltl 

dw 
dw 
dw 
dw 
dw 
dw 
dw 
iw 
dw 
dw 
dw 
dw 
dw 

equ 
dw 
10 
lb 
do 
dw 
aw 
db 
lb 
dw 
dw 
equ 
db 
db 
db 
db 
db 
db 
db 
equ 
equ 

ej u 
aw 
db 
db 
ib 
dw 
dw 
db 
db 
dw 
dw 
equ 
db 
db 
db 

csvB, 
xlt9, 
0000n 
dirbu 
csv9, 
xltie 
0000(1 
dirbu 
csvlfc' 
xltll 
0000ft 
dlrbu 
csvll 
DISKC 
offse 
26 
3 
7 
0 
7e 
31 
128 
0 
0 
2 
otfse 
1,2,3 
5,6,7 
9,10, 
13,14 
17,18 
21,22 
20,26 
9 
0 
DISKD 
offse 
25 
3 
7 
0 
24:2 
63 
192 
0 
IS 
2 
offse 

25,5, 
23,3, 

alvS 
0000Ü 
,0000ft 
f ,dpb9 
aiv9 
,0200ft 
,0000n 
f ,etpbl0 
,alvl0 
,0000n 
,0000n 
f ,dpbll 
,alvll 
EF 0,1,20,0 
t   s 

t s 
,4 
,8 
11,12 
,15,16 
,19,20 
,23,24 

2F 1,1,26,0 
t S 

t S 
3,19 
11,17 
9,15 

Cnecs, 
Transia 
Soratcn 
Dir But' 
CnecK, 
Transia 
Scratcn 
Dir Buf 
Cftecs, 
Transia 
Scratcn 
Dir Buf 
Cnecic, 
1024,71 
Diss Pa 
Sectors 
Blocs S 
Blocs M 
Ex tat P* 
Disic Si 
Directo 
AÜOC0 
Ailocl 
Cnecs S 
Offset 
Transia 

Alloc 
te Ta 
Area 

f, Pa 
AliOC 
te Ta 
Area 

f, Pa 
Alloc 
te Ta 
Area 

f, Pa 
Alloc 
,32,0 
ramet 
Per 

nif t 
ass 
ass 
ze - 
ry Ma 

Vectors 
ble 

rm Blocs 
Vectors 

ble 

rm Biocs 
Vectors 

bie 

rm tlocs 
Vectors 

,2 
er Biocs 
Tracs 

ize 

te Table 

Allocation Vector Size 
CnecS Vector Size 
1024,243,64,64,2 
Diss Parameter Blocs 
Sectors Per Tracs 
tiocs saift 
3iocs Mass 
Sxtnt Mass 
Diss Size - 1 
Directory Yax 
A11OC0 
Ailocl 
Cnecs Size 
Offset 
Translate Table 
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lb 21 ,2,8,14 
dft 20,2b,0,12 
db 18,24,4,10 
lb ie,22 

alsl equ 31 
cssl equ 16 
J DISKDKF 2,1 
lpb2 equ Ipbl 
ais2 equ alsl 
CSS2 equ cssi 
xlt2 eau xltl 
» DISKDZF 3,1,156 
lpb3 equ offset S 

aw 156 
lb 7 
db 12? 
db 7 

4w 274 
Iw 12? 
db 12« 
db 0 
<iw e 
Iw 1 

Xlt3 equ offset s 
lb 1,2,3,4 
lb 5,6,7,9 
lb 9,1P,11,12 
lb 13,14,lb,16 
lb 17,18,19,20 
lb 21,22,23,24 
lb 25,26,27,28 
lb 29,30,31,32 
at) 33,34,35,36 
lb 37,38,39,40 
db 41,42,43,44 
db 45,46,47,48 
lb 49,b0,51,52 
lb 53,54,55,56 
lb 57,58,59,b0 
lb 61,62,63,64 
lb 55 ,56,57,63 
lb b9,70,71,72 
lb 73,74,75.76 
lb 77,78 ,79,80 
lb 31,32,33,84 
db 85,86,8?,S3 
ab 39,943,91, 92 
lb 93,94,95,96 
lb 97,93,99,100 
lb 101,102,103,104 
lb 105,106,107,108 

»Allocation Vector Size 
jCnecK Vector Size 

Equivalent Parameters 
Same Allocation vector Size 
Same Cnecisum Vector Size 
Same Translate Table 

,0,16384,275,129,0,1 
Disx Parameter Bice* 
Sectors Per TracK 
3iocK Snift 
BIOCK Mas« 
üxtnt ^lass 
DisK Size - 1 
Directory Max 
A11OC0 
Ailocl 
Cnecx Size 
Offset 
Translate Table 
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lb 109,110, 111, 112 
db 113,114, 115 116 
lb 117,lie, 119, 120 
lb 121,122, 123, 124 
lb 125,126, 127, 129 
db 129,130, 131, 132 
lb 133,134, 135, 136 
db 137,138, 139, 140 
lb 141,142, 143 144 
db 145,146, 14?, 148 
lb 149,150, 151 152 
db 153,154, 155, 156 

als3 equ 3b J 
css3 equ 0 t 

J DISKDEF 4,3 
lpb4 equ lpb3 ? 
als4 equ als3 • > 
CSS4 equ CSS3 J 
Xlt4 equ xlt3 » 
• DISSDEF 5,3 
Ipbb equ lpb3 J 
ai?5 equ ais3 f 

css5 equ css3 • 

xlt5 eo u xU3 • > « DISKDEF 6,3 
lpb6 equ lpb3 
ais6 equ als3 
cssö equ CSS3 
Xlt6 equ xU3 
• > DISKDEF 7,0 ,95,0, 
ipb7 equ 

d« 
lb 
lb 
db 
dw 
dv 
db 
db 
lw 
dW 

offset S 
96 
7 
127 
7 
434 
2bb 
128 
0 
0 
0 

Xlt7 equ 

lb 

offset S 
0,1,2,3 
6.   K S 7 

db 9,9,10,11 
lb 12,13,14 ,15 
lb löf17,lg .19 
lb 20,21 ,2i ,23 
dh 24,2a,2fc ,2" 
lb 29,29,32 ,31 
db 32,33,34 ,35 

Allocation Vector Size 
CnecK Vector Size 

Equivalent Parameters 
Same Allocation Vector Size 
Same Cnecfcsurc Vector Size 
Same Translate Table 

Equivalent Parameters 
Same Allocation Vector Size 
Same Checksum Vector Size 
Same Translate Table 

Equivalent Parameters 
Sa-ne Allocation Vector Size 
Same Cnecicsum Vector Size 
Same Translate Table 
16384,435,256,0,0 
DisK Parameter 21OCK 
Sectors Per TracK 
Blocs Snift 
£locic Mas« 
Extnt Yas:< 
DisK Size - 1 
Directory '"lax 
AÜOC0 
A.llOCl 
Cnecx Size 
Offset 
Translate Table 
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als? 
CSS7 
» 
lDb8 
als8 
"sse 
xite 

ID by 
ais9 
CSS9 
Tit 9 
» 
ipbiz 
aisl0 
CSS10 
xitia 

ipbii 
a l s 11 
cssll 
Xitll 
» 
> 
» 
» 
*es>cia t 
lirouf 
aiv0 
CSV0 
alvl 
csvi 
alv2 
~SV2 
aiv3 
csv3 

IB 3b,37,38,3y 
do 40,41,42.43 
lb 4:4,45,40,4=7 
4b 4^,49,50,51 
lb 52,53,54,55 
ab 5o,57,55,59 
lb 60, 61,62,63 
lb 64,65,56,67 
lb 68,69,70,71 
db 72,73,74,75 
lb 76,77,78,79 
lb S0,81,92,83 
lb 94,ytD,B6,87 
lb 83,89,90,91 
lb 92,93,y4,95 
equ 55 
equ 0 

DISKDÜF 8,7 
equ lpb7 
equ als7 
equ css7 
equ tlt7 

DISKDEF 9,7 
equ lpb7 
equ als? 
equ css7 
equ xlt7 

DXSSDEF 10,7 
equ ipb? 
equ ai«7 
eau css7 
equ xlt7 

DISKDEF 11,7 
equ apb7 
equ ais7 
equ ess? 
eau xlt7 

ENDS? 

»Allocation Vector Size 
;CnecK Vector Size 

»Eauivalent Parameters 
»Same Allocation Vectr Size 
»Same C&ecfcsuir Vector Size 
»Same Translate Taoie 

Equivalent Parameters 
Same Allocation Vectr Size 
Same Cnec-csum Vector Size 
Same Translate Table 

»"Equivalent Parameters 
»Same Allocation Vector Size 
»Same Cne~£sum Vector Size 
JSame Translate Table 

»Equivalent Parameters 
»Same Allocation Vectr Size 
;Same Caecxsurr Vector Size 
»Sa-ne Translate Tade 

'Jninl tiali zel Scratcn Memory Followb 

equ 
rs 
rs 
rs 
rs 
rs 
rs 
rs 
rs 
rs 

offset 
12S 
aistf 
csse 
alsl 
cssl 
als2 
CSS2 
ais3 
css3 

Start of Scratcn Urea 
Directory Buffer 
Alloc Vector 

Vector 
Vector 
Vector 
Vector 

caecs 
Alloc 
Cneci 
Alloc 
CßecK Vector 
Alloc Vector 
Cnecs Vector 
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alv4 rs 3lS4 
CSV4 rs CSS4 
alv5 rs als5 
csvb rs cssb 
alv6 rs als5 
csv6 rs CSSÖ 
alv7 rs als7 
CSV7 rs css7 
alv» rs als» 
csvS rs cssB 
alv9 rs als9 
CSv9 rs CSS9 
alvlZ rs aisl0 
rsvl0 rs cssltf 
alvll rs aisll 
csvll rs cssll 
ecilat eau offset $ 
datsiz eau offset $ 

dö 0 
-begdat 

Alloc Vector 
CnecK Vector 
Alloc Vector 
CnecK Vector 
Alloc Vector 
Cttecic Vector 
Alloc Vector 
CceciC Vector 
Alloc Vector 
Cnecic Vector 
Alloc Vector 
CnecK Vector 
Alloc Vector 
CaecK Vector 
Alloc Vector 
CnecK Vector 
find of Sera ten Area 
Size of Scratcn Area 
Varies End of Module 

>, 

»1 

» 

••• 
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APPENDIX  E 

PROGRAM   LISTING   OF   RXFLOF.A»6 

Pro? Name     :   RXFL0P.AÜ6   (REMIX  FLOPPY  DISK 
ACCESS   CCD5M 

Date :   5  April   19H3 
vodiried   by:  MarK  L.   Perry 
For 
Advisor 
Purpose 

Tnesis   (AEGIS  ""odeling Group^ 
:   Professor Cotton 
:   Tnis   code  is  an   include   rile  w/in  CPMBIOS.ASö. 

It  contains  tne   code  necessary  to  access   tne 
Remex  floppy aiss drives  and  generate  a 
loader for  taem. 
Tnis  configuration  is   set  for CP/M   logical 
drives   1   (Ä:  &  B: )  and   2   (C:).  To  alter 
cnange  code  in  READ and   .VFITE  routines. 

; Equates 

> Disi Controller command Dytes and masis (REMi'X^     

dS_rdy._masK equ 0BH 
dt rd_cmdl equ 1011H »read  comma id 
d£~ri_cmd2 equ 1012H 
dK_*r_cmdl equ 1021H ; write  command 
d<c~wr_cmd2 equ 1022E 
tries" equ 10 
drive2 equ 2 JCFM  logical  dsK  *  for 

»drive 2 

; REMEX   Interface     Controller  Ports 

cmd_re<? 
status_res 
p_addr_lo 
p_addr_ni 

equ 7i5H 
equ 71H 
equ 72E 
equ   73H 

Jctrler's   base   in  CP/^-Bö 

If 3f7f3f:tfi ^i 9^l If Tji^JflfXHUf ***************************** ************* 

CPV DEVICE SPECIFIC CODE 
entered fror tne main CPISIOS's Jump vectors 

^qtTfyZWrtTfWWHtzfiSZtfiijtifiW************** ************ ************* 
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Si cseg s 

rxflop_ini t: 

ret »'no special action required 

rxflop_nome: 

ret ;no special action reauired 

rxflop_seldsx: 

ret ;no special action required 

rxfiop_settr£: 

ret »no special action required 

rxfiop_setsec: 

re t ;no special action required 

rxflop_read: 

TlOV 

IF 

rwdlr ,Z 

loader  bios 
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» 
mov    bx ,dK_rd_cmdl   ; force a real or. drive 1 

i ———— —-•——— ———— — — —  
ENDIF ;ioacter_Dios 

IF not   ioaaer_blos 
• ___________ ____________ __      _ __ ___ 

» 
caii renuest »request   ticket  nunter 
cnp unit,drive2 »CP/M   logical  disfc No.   for 
jz rll »Remex  floppy  irive   2   (C:) 
nov bx,d*_rd_cndl ;set up  to  rd Irive 1   (B:) 
jmps rd2 

•«•HI« 

~IPV bx,d:-c rd. cmd2       «set  up  to  ra  drive 2 
r!2: 

» 
• ___________________________________________________    ______ 

ENDIF »not   loaier_Dios 
call üuili_pa caret 
can senl_pac_et »perform tne read 
call xfr_buffer Jxfr  CP^   buffer  into  memory 

IP not   ioader_bios 
•  _»*w^^_i_>_>_i__i ~   — _ » 
» 

call release »free  resource 
> 
• _____________________________________________________ 

ENDIF »not  ioader_bios 
Tov al,result »"return  success/failure  cole 
re t 

»——— _____ __    _______—__—___ _______ 

rxflop_write: 

IF     not loader_Dios 
j _____—____________ _     ___________ _—_ _____ ____ 

* 
mov rwdir.l 
caii request ;request   ticket   number 
crp ur.it,drive2 jCP/*!  logical  iis_ No.   for 
jz wrtl »Remex   floppy  drive  2   (C:^ 
mov tx ,dic_wr_cndl       Jsetup  write   to  drive  l   (B:) 
jmps wrt2 

wrtl: 
•nov ox ,di_wr_cmd2       »set  up  to   write   drive   2 
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vrt2: 

m 

call build_pacicet 
call xfr_buffer 
call send_paciret 
can release 
mov al,result 

ENDIF 

ret 

»free  resource 
»return  success/failure  cede 

»not  loader   bios 

REMEX FLOPPY DISK SUBROUTINES 

?n 

buili_pac<cet: 
pusn es 
TOV ax »cmemseff 
nov es ,ax 
nov p_modifiers »bx 
TO V p  status,kJ 
110V ax ,0000H 
nov al, tracie 
TO V TD tract no,ax 
T?OV ax,0000E 
ail al «sector 
•nov p  neaa  sect,ax 
•nov p_ner_addr,0100n 
•nov p_nso, 00fc'en 
TC V p  won  ccunt,tJ4 
pop es 
T9 t 

save es register 
set up es to address ?onmo; 
memo ry 
enter read cede in packet 
clear pacKet status word 
clear register 
sex   tracK ~ 
enter tracs n  in packet 
set Read. no. to 0 
set sector no. 
put nead ^ sec P   in packet 
address of CF^ ouffer 
CPV ouffer msb 
* of lö bit words 

•• 

send_pacKe t: 

pusn 
nov 
mov 
710 V 

sendi: 
in 
and 
emp 
Jne 
mo v 

es 
ax »cmemseg 
es ,ax 
dK cnt,tries »load count for retries 

al ,status_reg 
ai, ctt r<ty mass 
al ,08H 
sendl 
al.lcfi 

cnecK  interface   ready- 
is   it   ready? 
if  not   ready  repeat 
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out 
•nov 
out 
"nov 
out 

cftecic_result 
•71 o v 
CTip 

je 
cmp 
Jne 
jrnps 

retry: 
mov 

cmd  reg,ai 
ax.äesJia 
p_adar_lo,al 
al.an 
p_addr_ni ,al 

ax,p status 
ax,0001H 
success_read 
ax ,0000H 
retry 
cnecx result 

d£_err_code,al 
•nov  p_status,0 
dec dSc_cnt 
jaz senil 
nov result,?FFH 
Jmps 3ic_execute_rpt 

sucress_read: 
TIOV resuit,2£E 

dfc_ex°cu te_ret: 
pop  " es 
ret 

fload extended aaaress 
Jpac&et offset 
»"transfer low   eyte out 

»transfer ni byte cut 

»load status word 
»cnectc for success 

»cnecx for failure 

Jsave error cede 
»clear status \»ord 
; reduce retry count 
»if <> e try ae-ain 
»return failure code 

,'return success code 

xfr cuffer: 

xrr 

pusd es ! push ds 
tTQv es,dma_seff 
•nov di ,d7ia_adr 
mov ax »cmemseg 
•no v ds,ax 
•nov si,?ltfi5n 
TOV CX.Ö4 
?fp rwdir ,'l 
J2 xfr 
x^ng si.di 
wov ax.ds 
T10 V es ,ax 
mov ds,dir>a_seg 

eld 
rep movs  at,ax 
pop ds   !   pop  es 
ret 

Jset up for «rite operation 

Hove as ie-t>it words 

Data Segment Area 
• ^^.^^^tV>?>je^5)t^ ^V^^VV^^V^V^^^^^^^^^V-? V^^^V'.'V^^^ V-'? V^S^S^SiS^^^JSJ^VVnS 
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Remex   Interface  Pacicet- 

p_modifiers 
p'status 
p_tracK_no 
p~nead_sect 
p_nem_addr 
p_ms b 
p_word_count 

eseg 
org tiUZ&n 

TV 1 
TV 1 
TV 1 
TV 1 
TV 1 
TV 1 
TV 1 

; offset  of  pacicet 

»function  *  logical  unit 
»returned  status 
»selected   tract numDer 
»selected  nead/sector  numDer 
»Buffer  address 
»'extended   Dits   of   Duffer  address 
»'size of data   ciocsc 

-Mlsc  tfariabies- 

cseg  s 

dx err_code db    0CH 
dx~cnt~ dt    fe:eH 

»returned  Remex  error  coie 

result 
rwdir 

rb 
rt 

1 
1 »fe3  =  read   ;   l = write 

1«1 
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APPENDIX I 

PROGRAM LISTING 0* LDEMAST.CfG 

Proe Name 
Date 
Written by 
For 
Advisor 
Purpose 

nunits  lb 1 

:LDRMAST.CFG 
:5 April  1983 
r.Maric L.  Perry 
:Tnesis   (AJSGIS   Modeling Groupx 

:?roi'essor Cotton 
:Tnis "oie is an include file within 
LDCPM.A86. It contains tne device 
taBles for access to initialization, 
read, and write routines and was 
developed to accompany tne boot rom 

DEFINE nunits 
Jonly a single drive for tne loader 

INITIALIZATION TAULE 
intbl  dw offset rxflop_init  Jinitiaiize P.emex 

dw f£ 

rd tol 
wrt 01 
nmt Bl 
isstti 
trict Di 
sectDi 
i 
•       — 

dw 
dw 
dw 
lw 
dw 
dw 

ADDITIONAL OFFSETS 

offset rxflop_read 
offset rxflop_write 
offset rxflop^nome 
offset rxfiop_seldsic 
offset rxflop~settrit 
offset rtfiop_setsec 
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APPENDIX   J 

PROGRAM  LISTING  UI  LERMAST.DEF 

Tnis is tue distc definition statement used tor tue 

loader routine. Tne system is configured in tne loading 

pnase as a sin?ie disff system to minimize tr.e space 

reuuirements . 

disffs   1 
diSKdef   0,1,26 ,6,1024,243,04,64,2 
endef 
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PROGRAM LISTING UF LERMAST.LIf 

9 • 
i DISKS 1 
dpbase 
dne0 

dpbtf 

xit0 

als0 
CSS0 
t 

f 

I 

begdat 
iirouf 
aiv0 
CSV0 
enddat 
datsiz 

equ 
iv 
dw 
Iw 
dw 

equ 
dw 
db 
db 
db 
lw 
dw 
db 
db 
dw 
iw 
equ 
db 
do 
db 
db 
db 
db 
db 
equ 
equ 

$ 
xlt0,00?0n 
0000n ,0000.1 
di rbuf ,dpb0 
csv0,aiv0 
DIS&DEF   0,1,26,6 
offset   s 
26 

7 
0 

192 
0 
16 
2 
offset   $ 
1,7,13,19 
25,5,11,17 
23,3,9,15 
21,2,3,14 
20,26,6,12 
IS, 24,4,10 
16,22 
31 
16 
ENDSf 

.Base  of  DiSK  Faraneter 
Translate  Table 
S o ra l cfi A re a 
Dir   buff,   Parr  üOCK 
CnecJt,  Alloc  Vectors 
1024,243,64,64,2 
Distr  Parameter Bloc« 
Sectors   Per Tracic 
floes  Snift 
Bloc.«  Vast 
Extnt  Masic 
Disc  Size  - 1 
Directory  Max 
A11OC0 
Allocl 
Cneci Size 
Offset 
Translate Table 

irloctcs 

{Allocation Vector Size 
JCnecf Vector Size 

Uniaitialized Scratcn Memory Follows: 

Start of Scratcn Area equ 
rs 
rs 
rs 
equ 
suu 
db 

offset 
128 
ais0 
CSS0 
orfset 
offset 
0 

s-oe^da t 

Directory Buffer 
Alloc Vector 
Cneci Vector 
End of Scratcn Area 
Size of  Scratcn Area 
Varies End of tfoiuie 
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APPENDIX L 

PROGRAM LISTING OF RMXÄ0M.A86 

» This Customized ROM loader for CP/M-e6 nas * 
* the following Hardware configuration: * 
* Processor:  iSBC B6/12a * 
* List Controller:  Renex Data Warehouse v 

* or tne iSiC 201,202 * 
* Memory mosel:  30bfc) * 

* Programmer:  M.I. Perry * 

* Tnis 
In t 
the 
tnen 
n 
e-ff 

will 
seco 
Firs 
to 5 
lnlt 
stac 
rupt 
at 1 
and 
terr 
masx 
cont 
sect 
para 
tne 
trac 
tar? 
to t 
0 co 
ROM 
.10* 
(»OS 

9 nsw>3«e^c 

is   tne  HOOT 
ne 957 monito 
monitor must 
control pass 

14:0004".   Tne 
coot to an i 

nd command wi 
t, tne ROM mo 
AM at locatio 
ializes tne s 
x pointer.   Tn 
controller 1 

fc'H to 17H (ve 
ectre-1 rlg^ere 
upt) mode wit 
ed-off. Next 
roller is ini 
or 1 is read 
grapn address 
LOADER on tra 
K l sectors l 
et address. 
ne LOADER pro 
ntains the sv 
1 contains tn 
uses RAM betw 
oluts)   for a 

ROM 
r. T 
be b 
ed b 
fir 

S£C 
11 b 
ves 
n m 
eene 
e 18 
s se 
ctor 
a au 
n ai 
, tn 
tial 
to a 
for 

CK 0 
-25 
Cont 
gram 
en m 
e oa 
een 
sera 

W "i* V *»' *i* V 

wnicn i 
0 execu 
rou^nt 
y "gt'fä 
st  moni 
202 dis 
oot   tc 
a copy 
000H,   t 
nt  re?i 
259 per 
tu-o  for 
s  11  11 
to-EOl 
1 inter 
e appro 
izea, a 
etermin 

LOADER 
sec tor 

is read 
rol the 
for ex 

emory 1 
d addre 
00000K 
ton are 

www 
s resi 
te tne 
on-lin 
4:0" o 
tor co 
K ana 
the Re 
of its 
nen it 
sters 
ipnera 
inter 

040.H-fc 
(end o 
rupt i 
priate 
nd tra 
e tne 
. Fin 
S   2-26 
into 

n tran 
ecutlo 
ocatio 
sses. 
and 00 
a. 
*? T* *P •!* ^P T* 

dent * 
D o o t w 

e and * 
r ty * 
mmand * 
tne v 

mex . 
da ta 

and the* 
l int- * 
nipts * 

f in- * 
e v e 1 s * 
devi re'* 

target 
ally, 
and 

tne 
sfers 
n. ROM 
ns, ana* 
Ü0ÜT  * 

0FFH 

******** 
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; Miscellaneous equates  
. i i 
» i 

cr           equ 0dH  iAscii carriage return 
disK_type      equ 01H  »type for iSiC 202 disx 
if           equ 0aH  »"Ascii line feed 
remex_type     equ tf2H   Jtype for LEMEX floppy 
romseg        equ 0ffi4a Jbase adaress 
sector_size    equ 128  »'CP/M sector size 
start trtcl     eau 2c3n 

. i     - i 
> i i 

i ——————————————————————————————————— ——————— 

;  18251 USART console ports   
. i i 
y \ i 

C0NP_data               equ  0d8K 5 18251  data   pert 
CONF  status           equ  fcMaH »18251  status   Dort 

.   I                          "" ! 
t   I < 
• — — — — ——— _ — _—— ————————— — — — — — — — — —          — — ——— — — — 

»  Tisi   Controller  command   Dytes   and  masus   (iSBC  2tf2)     
> i i 

DE_cmcint_ma5tr equ  004H     »masff   to  cnecK for M  interupt 
DK_nome_cmd equ  eK3H     Jmove  to   nome  position  command 
M  read  cmd equ  004H     ;read   command 

• i       ~         — I 
» i i 

j INTEL  iS3C  202  Disic  Controller  Forts 
• i 
» i 

DSP_oase equ £76H Jctrler's   Case   in  CP/M-86 
DKP~resuit_type equ DüP_base-ti   {operation  result   type 
DKP   resuit_oyte equ DKP_base+«5   Joperation  result   oyte 
EKF~reset equ DKP~base--7   »disir  reset 
DKP_status equ DKP^base       Jdis£  status 
DKP_iopb_low equ DKP_base+l   Jlow  addr   byte   of  icpb 
ü(CP~iopo~nign equ DtLF'oase^   feign  addr  byte  of  lopo 

• i          ~         ~ ~ i 
» i i 

; RSMEX  floppy disjc  drive   eauates  
. i i 

IBS 
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<Uc_rü cmdl 
dK_rdy_masit 
cntrl_err_masfc 
d_err~masic 
crc_err_masK 
cmenseg 
tries 

equ leiin 
equ fc!8.n 
equ £4n 
equ 08n 
equ l£n 
equ fcJetftftfn 
equ   IK 

J read   for drive  1 
»ready mass for   control 
»"controller error 
»diss error 
»crc  error 
»common memory 
»numoer of  retries 

  RSMEX Controller Ports 
i 
i 

cm 
st 
P_ 
P_ 
» i 

» 

i_reg 
atus_ree 
addr_lo 
addr ni 

equ 70n 
eau 71 ft 
equ 72 ö 
equ *3n 

»controller oase 
»"status register 
»lower address 
Jupper aaaress 

INTEL 18259 Programmable Interrupt Controller 
> i 

PIC 59pl 
PIC 59p2 
» i 

equ 0C0Q ;8259a   port   0 
equ i5C2n ;t259a  port   1 

j************** ENTRY POINT AND MAIN CODE vf*'**")<*%i*fi>**"**>**w 
> 

?seff     romses 
» 
jEnter  nere  witn  pffd4:0   command  for  iS3C  2fe?2   coot 
» 

mov  DL,diSK_type 
jTips   Start_boot 

,'set   boot   type   to   lisx 
'•so  start  code 

Enter  nere  witn  gffd4:04?04  command  for REMEX   toot 

l: 
mov  DL,remex_type 

Start   boot: 
»'set   coot   type   to   remex 

move  our  data  area  into  RAM  at tftftffc':i<?2efcl 

TOV AX,CS ;point   DS   to  CS   for  source 
mov  DS.AX 
TOV  Sl.latabegin »'start   of  data 
mov  DI,offset   ram_start »offset   of  destination 
mov AXfS? Jset   dest   segment   (ES) 
7iov  ES,AX ; to  0ßf0 
TOV  CX.iata   len^tn iaow  mucn   to  rove   (bytes) 

187 

•   -   • -..-.   -- -. *   .. - — .*-_..(»—.»,.» .    . _ a,  ...... ..    ,     kffri     Ih    Tu    '-I   fc     I       «I      fc    i   •*•'- ••    - •  -^ —. -*---• 



- - -   — 
.'".••."—^— 

rep movs  AL,AL ;nove from eprom, 
; Dyte  at a   time 

set  sepnent   registers and  initialize  tne  stac& 

nov AX,£ 

nov  DS,AX 
tiov  SS.AX 
mov  SP,stack offset 
eld 

»set  DS  segment   to   2UW6, 
;new  in RAM 
;data seement no* in RA"! 

Jinit stacK segment/pointer 
»clear tne direction fla? 

Setup tne 9259 Programmable Interrupt Controller 

nov AL.013H 
out PIC_59pl,AL 
mov AL.010H 
out PIC_59p2,AL 
mov AL,01fH 
out PIC_59p2,AL 
nov AL,0ffH 
out PIC_59p2,AL 

,*S259a ICW 1  8036 mcce 

JB259a IC* 2 vector P 40-5F 

»8259a ICW 4 auto £01 master 

;8259a OCW 1  mass all levels off 

************ iflANCH TO SELECTED DEVICE POP. iOüT v^v******* 

determine if oootins? to iSBC 202 or to REMEX 

crnp DL,disk_type 
Jne Doot_remex 

?is tnis a i202? 
»if not, Ooot to REMEX 

j***************** iSBC 202 BOOT CODE ******v**^wvwv*w** 

Boot 1202: »"return on fatal errors 

»Best and initialize tne iYDS £00 Diskette Interface 
» 

in    AL,DKF_resuit_type       »clear  tne  controller 
in     AL,DK?_resuit_oyte 
out DK?_reset,AL »AL   is   cummy 

»tor   tnis  command 

none   tne  iSBC  2£2 

nov  DK_ic_com,DK_nome_cmd   Jload  io   commani 
call   D?_i]xecute_Cma »nome  tne  disK 
mov  DK_i'o_com ,DK_read_cmi   Jail   io  now  reaas   only 

fret   tracf  0,   sector  l,   tne  5ENCMD neader  record 

mov  BX,offset  ?enneaier   Joft'set   for  1st  sector  D^A 
nov Dü_ima_addr,.bX Jstore  ama  address   in   lopo 

ies 

....•   •*>,-   •- •*•••*•• *•'— **— m'     •--     •'   -"a   4ml.   lui»        .       -. 



fl 

IS 

11 

rov  DK_secs_tran,l 
mov DK_sector,l 
call   DK  Sxecuts   Cml 

»" transfer  1  sector 
Jstart   at   sector  *l 
;real   trade  0,   sector 

set   trs  0,   sect   2-26,   and   place  in  RA,* 

TOV ES,aßs_iocatlon 
mov  AX,ES 
•nov   CL,0* 
sai  AX,CL 
mov  DK_dma_addr ,AX 
mov  DK_secs_tran,2S 
•nov  DK~sector ,2 
call   DK   Execute  Cml 

seement   loc  for  LOADER 
to   AX  to  manipulate 
must  xlat   to  10-Bit   a dar 
snift   segment 
store  dma  aaaress   in  iopf 
transfer  25 sectors 
start   at  sector  *2 
read   tri  2,   sects  2-2ti 

get  trie  1,   sect  1-25,   put  at  next  piac? RAM 

•no <r  AX,ES 
add AX,start_trtcl 
mov CL,04 
sal  AX,CI 
nov  DK_dma_aadr,AX 
nov DK_secs_tran,25 
mov  DK_sector,l 
nov UK_traci,l 
call   DK_yxecute_Cmd 
jmp Jurp_To_Loader 

compute  offset  for   tracs  l 
ada  in  «nat  already  real 
must  xlat   to  16-olt  aaar 
snift  segment 
store  dma  aadress   ir.   iopD 
transfer 2t>  sectors 
start   at   sector  »1 
start  at   tract «1 
read   trie  1,   se~ts   1-26 
so  pass   control   to   loader 

,<ii!j5??iü?<¥?*»?s¥«??>?*   REMEX   BOOT   CODE   ivwurfwftwwtww* 

Ooot_remex: 
TOV AX.cmemses 
nov ES,AX 

Jmaice   common memory 
;addressable 

eel   tracK 4J,   sector   1,   tne  GENCMD fceaier 

boot_again: return  nere  or.  errors 
set  up   to   read  drive  l 
tracK  0 
sector  1 
save   it 
do   11 

*• 

mov £X,as_ra_cmai 
nov an,00n 
mov al,2in 
pusn  ax 
call ouiid_pacffet 
call send_pacKet 
mov di,offset genneaaer »set up destination 
mov ax,Is »*set up source 
call xfer_ouffer 

get load location from CJENCVD neaaer 

-nov ÜX ,aDs_location ;aos is location in RA.M 
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1 

«et: 

get_l 

fin  1 

T10V    CL, fe?4: 
sal  £X,CL 
-nov  DI.BX 

pop ax 
lnc al 
cmp ai,25 
ja  fin_l 

pusr.  ax 
mov HX ,lK_ra_cmil 
call   ouiid_pacKet 
call   sena_pac£et 
mov  ax,PtffcJ0h 
call   xfer_ouffer 
j-np get 

»convert  to  lb   oit 
»M  now  has   loal   address 
Jnow  in di 

»get next sector 
»ana cnert for last 
Jon tnis tracx 

Jsave  ax 
»"prepare  for  react 
;real  next  sector 

»absolute   load 

»get  next   tracttV inc an 
cup an,l 
ja Jump_To_Loader 
nov al,1 
jTip get_l 

• miwmmm99*imwi"n*>  PASS   CONTROL   TO  LOADER  WWWVWWWTWWPV 

»jump   to   loader 
»reset  sector  numoer 

; segment  addr of   LOATER 
j load 

Jump_To_Loader: 
mov ES taDs_location 
mov leap_segnent,£S 

»setup far jump vector 
•nov leap_off set,id      »offset of LOADER 
jmpf aword ptr leap_offset 

> 
j)«?)icj|cj)i?^?¥^w^!j?9»5 END OF MAIN CODE w*>*w*t^wK*f*>**f&*t<L*^v 

< 

M 

• 5je^^ijt^^^ej(«^j^^t   JE3-INNING-   OF   SUjjRCUTI N&S   ^wfwv'mwwwfiv'*'**** 

* CONIN     suDroutine * 

»called   from:   DK_Execute_Cmd. 
Conin: >* **  returns   console seyooard   character 

'*••?  parm  in  -  none 
»" **  parm out   - returns   character   in  AL 

in  AL,CON?_status   »get   status 
and  AL,2 Jsee   if  ready-Dit  1-is   set 
Ja   Conin Jlf  not,   it  is   zero  and   not   ready 
in  AL ,C0NP_data   jreaay,   so   read  cnaracter 
and AL,fc57fH {remove  parity   oit 

19k) 
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hi 

9 

ret 

* CONOUT suoroutine w 

called ?rom: Print_Msg. 
Conout: ;** writt cnäracter to console Keyboard. 

** parm in - cnäracter to De output in CL 
** parm out - none 

in AL,CONP_status Iget console status 
and AL,1       »see if ready-Dit 0-ls set 
jz CONOÜT      »if zero, not ready-Keep cnecKiae 
mov AL,CL      Jloaa input parm to Al for out 
o»t C0.NP_data ,AL »"output cnäracter to console 
ret 

« * DK_i,XüCÜTS_C.v!D  subroutine 

1 
DK  Execute  Cmd: 

;s 
Send 

»C 
iisi 

;s 

*• 

;c 
ho-« 

end 
_io 
in 
in 
.no 
ou 
710 

ou 
nee 
_i^ 

in 
an 
jz 

ee 
in 
en 
Jz 
Jn 

nee 
K_r 
ir. 
an 

to lOpD 
no : 
AL,DKP 
AL, DKP 

v  AX,Of 
DKP i 
AL, AH 
EKP_i 
for  i 

AL,DK? 
d AL,DK 

DisK_i 
if  inte 
AL,DiP 

p   AL,20 
CnecK_ 

ps Send 
x. resui 
esult: 
AL,DKP 

d AL,06 
z Fatal 

called from: in-line from root_iü'/ü. 
^ Executes a ais« read/write comnarid 
**  parm in - D^A andr in EX. 
** parm out - none 
disK controller via two ports (2  bytes) 

_type »'clear tne controller 
_byte Jclear tne controller 
_iopo Jeet address of iopb 
,AL >*output low   byte of iopb acdr 
; load nign cyte to AL for output 
n,AL »out nigfl oyte of iopo aaar 
t from disK controller 

»get disK status 
_maSK »'interrupt set? 
»if not, Keep caecKing 
ignifies I/O completion 
_type feet reason for interrupt 
Twas I/O  co plete ? 
»if so, eo cnecK tne result cyte 
»if not, go try again 
for errors 

result 
_result 
fset DX 
opo_iow 

opo nip: 
nterrup 

_status 
_cnünt 
nt 
rrupt s 
_resuit 
H 
result 
_iopc 
t oyte 

result 
0E 
•rr 

_byte »get result 
Tis I/O complete? 
;if not, fatal error 
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ani 

Fatal_err 
TIOV 

Ftest: 
rcr 
inc 
rest 
jz r 
mov 
mo v 
add 
nov 
TIOV 

»print 
call 
call 
jrnp 

Dfc_execut 
ret 

AL,fc"feH »cnecx  for  error in any  cit 
DK_execute_ret   »no  errors,  go  return 

CL,<? jciear  CL  for counter 

AL,1 »cnecK eacn  oit  of  result 
CL »count  eacn  Dit 

AL.ei Jtest  eacn   Dit 
test »zero,   go   cnecic next 
AL,CL ;not   zero,   error,   inc  count 
AH,fc! »clear  ni*n 
AX,AX Jdoubie for idx  to  won   tacie 
3X.AX JioacL  3X as   index 
£Xrerrtbi [MJ   »eet  addr of  error rr.ss 
appropriate error message 
Print  y\se Jwrite ms*  to   console 
Conin" Jwait  for  Key   strise 

3oot_i202 ;tnen start all   over 
e  ret: 

* RSMEX      send_paceet   subroutine * 

send_pacicet: 
TIOV ES:d£_cnt,tries 

send_l: 
in  AL,status_reg 
and AI,aK_riy_irasK 
c-np AL,08n 
jne  send_l 
rrov  AL,lcn 
out  cmd_reg,AL 
•nov  AX,0004n 
out  p_addr_lo,AL 
•nov al,an 
out p_addr_ai,al 

ct_result: 
inov AX,p_status 
CTD AX,0001a 
je success_read 
c-np &x,0ee£n 
Jne  retry 
Jmps  ^K_resuit     »not  finisned 

Jloac.  count  for  retries 

»cnecic  interface   reacy 
»'ready? 
»if not,   repeat 
»load extended address 

Jpacset offset 
;transfer 10 oyte 

»transfer ni byte 

»load status 
»'cnecic for success 

Jcnecic for failure 

retry: 
•nov p status«2000a 
dec  £S:lK_cnt 
jnz  sena_T 
nov BX,offset errtbl 

»clear status code 
»re uce retry count 
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add EX, 14: 
mov BX,[iXJ 
call   Prim *!sg 
call  Conin 
jnp  boot_again 

success   read: 

»adjust  for  tasle   er.iry 

»wait  on user Key  strise 
»start  over 

ret 

????IJ??*???*??*(HHI«?V»*¥W???*?*»?1?»?**?»?VW.-H1«¥^«**^?*** 

* REYEX     cuild_pacset     suoroutir.e * 

Duiii_pacicet: 
nov  ES:p noaifiers,bx 
mov ES:p~siatus ,0 
nov dx,äät30Q 
tiov ai,an 
mov  ES :p_tracK_no ,dx 
mov dx,0000n 
ncv dl,al 
mov ES:p_nead_sect,ax 
nov ES:p~nen_addr,0100n 
(ncv  SS:p_.nsb ,000en 
TIOV  ES:p_*ord_count,64 
ret 

9 
999 99 9 99 9 99 99 999 9999 999 9999999 

999999 *«««***v*«f 999999999 9999 

* RStfEX     xfer_Duffer   SUD 

xfer_ouffer: 
pusn eslpusn as 
nov es,ax 
nov ax,cmenseg 
nov ds,ax 
nov   si,0100ft 
710V   ex,64 
eld 
rep rnovs  AX,AX 
pop dslpop es 
ret 

7999999999999999999999999999999999999999999999999999999999 

set   read  cede 
clear status  won 
clear ax 
set tract num Der 
enter in pactet 
clear ct 
set sector and nead 
enter in packet 
address of cuffer 
DU fer msö 
numDer of 16 cit wds 

9999999999999999999999999999 

^999999999999999999999999999 

routine » 
999>,S9V9999V«*99 99s.:99V9999 9V9 

Jsave segment registers 
;set up for transfer 

»location of Duffer 
»word count 
Jclear direction flag 
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;* PRINT_MSG  subroutine * 

Printjlsg: 
Jcallea  from:   Plt_Uxecute_Cma. 
; *"* Prints  a  message   to  tne  ccnscie 
** 
** 

mov  CL,(.EXJ 
test   CL,CL 
Jz Pmsg_ret 
pusn BX 
call Conout 
pop BX 
inc BX 
jmps Print 

Pmsg_ret: 
ret 

parm in - adlress or message in BX. 
parm out - none 

»get  next  cnar from message 
»"is   it   zero - end  of message  V 
#lf   zero  return 
Jsave  address  of  messaee 
»print   it 
»restore address  of message 
{next  cnaracter  in message 

Msg     »next   cnaracter and   loop 

?w?9*w5Ji!¥?iiii»v  SNC   OF   SUBROUTINES  •»»**»«»**********»***** 

»Image of  data to   be  moved  to  RAM 

dataoegin equ offset  5 
» 
;A template iSBC 202 iopo (cnannei command - 7 Bytes) 

;i'nd of icpc 

dD Z80H »iopb cnannei word 
do 2> «io command 
db e Jnumber of sectors 
db 0 »tracs to read 
db 1 »sector to read 
dw ereeR" ;ama aadr for iSBC UK- 

to xrer 

cerrtbl dw offset e rfeJ 
aw offset erl 
3.W offset er2 
dw offset er3 
dw offset er4 
dw offset er5 
dw offset er6 

• 
dw offset er7 

Cer0 db cr.lf, 'Nul 
Cerl ab cr.if, 'CRC 
Cer2 db cr.lf, 'See 
Cer3 db cr.if. 'Add 
Cer4 db cr.if, 'Dat 
Cer5 db cr.if, 'Wri 
Cer6 db cr.lf. "rfri 
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Cer? 
J 
dataen 
i 
data_l 

» 
» 

> 

do 

d  equ 

enetn 

rese 
(no 

cr,if,'Drive  Not  Reaay',0 

offset  $ 

eau dataenl-dataoe?in 

rve space  In  RA(* for data  area 
nex  records  generate! r.ere) 

DSEG 
ore 

• 

0 
KüfefeH 

i 

rait_start • equ 

JTnls  Is  tne 
DK_iopb 
DK~io   com 

iS£C   202 
rb    1 
rt>     1 

D£_secs   tran 
DK"tracit 
DK~sector 

rD    1 
rö    l 
rb    1 

DK_dma_adär 
;Snd  or  iopD • 

rw    1 

errt Dl 
era 
erl 

rv 
rb 
rD 

er2 
er3 
er4 

re 
rb 
rD 

er5 
er5 
er? 

ro 
re 

iopD  (cnannei  comnana - 7  oytes' 
• iopo cnannei  won 
;ic  conrrand 
jnuTiber of  sectors  to   xfer 
Jtracic  to  reaa 
jsector  to   read 
;ama addr  for iSBC  202 

iengtn cer0 
iengtn cerl 
Lenertn cer2 
lenstn cf.ro 
iengtn cer* 
iengtn cerb 
lenstn cerö 
iengtn  cer? 

lö 

;i4 
;n 
;i5 
;i? 

ieap o 
leap's 

f fset 
eg-nent 

rw 
rw 

stacit offset 
rw 32 »local   stacK 
eau offset   s;stacic fron  nere  down 

;12£   Dyte  se 
«enneaier 

aos   location 

:tor will 
equ of 
rD 
rw 
rw 
rw 
rw 

oe  real  in nere-GENC^D Reader 
fset  s 

»"absolute  load   location 

* HEMEX  packet   and  aata   locations • 
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ES EG 
org <50k!4n 

p modif lers rw             1 
p. status rw             1 

? tracK no rw             1 
p nead sect rw             1 
p. men addr rw             1 
p msb rw              1 
p. _word_ count rw             1 

»offset of REi"EX pac.*et 
»•function and logic ur.it 
»returned status 
»"selected tractc n^ber 
»selected neaa/sertor nuroer 
»'buffer address 
Jextenaed Dits of Duffer addr 
»size of data cioc.< 

or? niznsr tnan buffer to be sure 

org Ü50en 
IK cnt        rb JnuTber retries 

* End of CP/^-56 Customize! ROM * 

END 
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